Lloyd's Register Technical Association 


QC SYSTEM AS APPLIED TO 
YACHTS AND SMALL CRAFT 


by 


A. J. Garlinge and N. T. C. Redwood 


Paper No. 1. Session 1989-90 


FOR PRIVATE CIRCULATION AMONGST THE STAFF ONLY 


Marine Technical Libra 


Marine Data Systems 
London 
Date: 
IZ} iolo 


Catalogue No: 


The author of this paper retains the right of subsequent 
publication, subject to the sanction of the Committee of Lloyd's 
Register of Shipping. Any opinions expressed and statements 
made in this paper and in the subsequent discussions are those 
of the individuals. 


Written contributions to the discussion of this paper are 
invited from members of the Lloyd's Register Technical 
Association. To ensure inclusion in the discussion paper, the 
contributions should be received by the Hon. Secretary in 
London not later than the 28th February, 1991. 


Hon. Sec. A. G. Gavin 
71 Fenchurch Street, London EC3M 4BS 


QC SYSTEM AS APPLIED TO 


YACHTS AND SMALL CRAFT 


by 
A J Garlinge and NTC Redwood 


TABLE OF CONTENTS 


SYNOPSIS 


SECTION 1 
INTRODUCTION 


SECTION 2 
WHAT IS QUALITY? 


SECTION 3 
QUALITY CONTROL AS APPLIED TO 
YACHT/SMALL CRAFT BUILDERS 


SECTION 4 
LR’S NEW REQUIREMENTS FOR YACHT/SMALL 
CRAFT BUILDERS 
4.1 Requirements for Classification and Certification 
4.2 Certification 


SECTION 5 
CHOICES AVAILABLE TO BUILDERS 
5.1 International/National Quality Standard 
§.2 LR’s QA Scheme for Small Craft 
5.3. LR’s Locally Approved System of Quality Controls 


SECTION 6 
PARAMETERS TO BE CONSIDERED FOR ANY TYPE 
OF SYSTEM 
6.1 Management Commitment 
6.2 Organisation 
6.3 Design 
6.4 Material 
6.5 Moulding Operations 
6.6 Fabrication 
6.7 Inspection Activities 
6.8 Documentation Control 
6.9 Corrective Action 


SECTION 7 
CONTROL OF QUALITY OF ACTIVITIES BY 
DOCUMENTED PROCEDURES 

7.1 Scope 

7.2 Purpose 

7.3 Responsibilities 

7.4 Instructions 

7.5 Implementation of Procedures 

7.6 System Manual 


SECTION 8 
A QC SYSTEM FOR A LARGE OUTPUT FRP 
BUILDER 
8.1 Reason for such a System 
8.2 The System’s Manual 
8.3. The System Part A — The Builder’s Controls and 
Responsibilities 
8.4 The System Part B — The Surveyor’s Controls 
8.5 System’s Implementation and Feedback 
8.6 Approval of System Manual 
8.7 Initial Assessment and Ongoing Audits 


8.8 Certification 
8.9 Documentation 
8.10 Review Meetings 


SECTION 9 
A QC SYSTEM FOR A LOW OUTPUT GRP BUILDER 
9.1 Reason for such a System 
9.2 System’s Manual 
9.3. The Documented Procedures Required for the 
System 
9.4 The QC Procedures 


SECTION 10 
A QC SYSTEM FOR A BUILDER FABRICATING 
STEEL OR ALUMINIUM ALLOYS 

10.1 The QC Procedures 


SECTION 11 
ACCEPTANCE OF QC SYSTEMS BY LR 
11.1 Initial Acceptance of Systems 
11.2 Maintenance of Acceptance of Approval 


SECTION 12 
CONCLUSIONS 


APPENDICES 


APPENDIX A. 


APPENDIX B. 


APPENDIX C. 


APPENDIX D. 


APPENDIX E. 


APPENDIX F 


APPENDIX G. 


APPENDIX H. 


APPENDIX I. 


APPENDIX J. 


APPENDIX K. 


APPENDIX L. 


APPENDIX M. 


APPENDIX N. 


APPENDIX O. 


Hull Construction Certificate HCC (PC) 
Hull Construction Certificate HCC (SC) 


Fibre Reinforced Plastic Hull Moulding 
Note 


Requirements of a Quality Control System 
Typical Statement of Policy 


Typical procedure for submission of draw- 
ings for approval by LR 


Typical procedure for control of LR 
Approved Drawings 


Typical procedure for Work Instructions 


Checklist — Monitoring Workshop Condi- 
tions and Practices (GRP Builders) 


Typical procedure for Moulding Shop 
Typical procedure for Inspection Sheets 
Typical procedure for Checklists 


Typical procedure for Quality Assurance 
Records 


Typical procedure for Training 


Typical Inspection Sheets for Steel Small 
Craft Builder 


SYNOPSIS 


Yacht and small craft builders requiring Lloyd’s Register 
classification or certification must now have quality control 
systems to provide acceptable statements and procedures 
covering the builder’s management and organisation as well as 
materials, operational techniques and activities used to 
measure and regulate quality of construction to the required 
level. 

The extent and complexity of the controls will vary, depend- 
ing upon the size and production output of the builder 
concerned, as well as the construction material involved. 

The paper outlines the types of quality system available to 
the builder and identifies the parameters of such systems. It 
describes typical systems for both large and small output 
builders, and covers their documentation and implementation. 
It has been written from the viewpoint of a Quality Assurance 
trained surveyor but it is hoped that the contents may be of 
some guidance to any surveyor having contact with yacht and 
small craft builders. 


1. INTRODUCTION 


The boat building industry was traditionally a craft industry 
where the resultant product quality depended mainly upon the 
skills of the craftsmen employed in the manufacture. 

Originally the industry used timber as the base material and 
the manufacturing skills required were concerned with choos- 
ing, shaping and assembling that material. Today boat builders 
use timber, steel, aluminium and composite materials in the 
fabrication of small craft with the result that diverse skills are 
required. Many small local builders remain in the industry 
producing up to five boats per year, but some Manufacturers 
have grown to be able to produce over 400 boats per year. 

The “quality” of the boat is very much dependent upon the 
“quality” being applied during manufacture. To ensure “qual- 
ity”, it must be built in and controlled at all stages of 
manufacture. Therefore, from the 15th September 1989, LR 
requires that a suitable documented Quality Control System 
be implemented at the builders’ Works, before any classifica- 
tion or certification can be issued to a builder. 

This paper has been written in order to give Surveyors 
attending Yacht and Small Craft Builders guidance in what is 
acceptable for a documented Quality System. 


2. WHAT IS QUALITY? 


Quality may be defined as “all those features or characteristics 
of a product that bear on its ability to satisfy a given need”. The 
“right quality” is that which satisfies all the requirements which 
have been specified for the product. The “best quality” is that 
which satisfies all the specified requirements at the lowest possi- 
ble cost to the customer. 

In respect of a production yacht, a purchaser may order a 
yacht to a specification laid down by the builder. The Owner 
then expects to receive a yacht which is fit for the purpose for 
which he bought it. He may buy a yacht for a comparative low 
price but if it gives problems immediately or subsequently it is 
not obviously of the right quality. 

As far as LR is concerned, a yacht is of the “right quality” 
when the structural arrangements and watertight integrity meet 
LR’s requirements for design, manufacture, inspection and test. 
As far as the Yacht Owner is concerned, the best quality is 
achieved when all LR’s requirements and the builders’ full spec- 
ification requirements have been met at the lowest possible 
cost. 


3. QUALITY CONTROL AS APPLIED TO 
YACHT/SMALL CRAFT MANUFACTURE 


In yacht or small craft manufacture Quality Control may be 
defined as all the controls exercised by the builder which ensure 
the craft meets all the design and construction requirements. 
LR’s involvement is only in that part which controls the stan- 
dards to meet their minimum requirements in order that the 
relevant LR Classification or Certification may be issued. 

The responsibility for building a yacht or small craft to LR’s 
requirements lies with the builder. LR’s Surveyors controls are 
concerned with verifying that the builders’ controls are effective. 

LR’s minimum requirements are for a Quality Control 
System whereas some of the larger manufacturers have intro- 
duced a Quality Assurance System based on LR’s guidance 
notes or some national or international standard. 

A Quality Control System is something less than a Quality 
Assurance System in that it is not necessarily a “closed loop” 


system. A Quality Control System identifies defects but it may 
be that an operation is carried out several times before it 
conforms to specification and consequently the cost of replace- 
ment or rework etc may well be high. 

Quality Assurance on the other hand may be defined as all 
the activities and functions concerned with attainment of qual- 
ity and is concerned with every activity ina manufacturer’s work 
that bears on his ability to “make it right first time”. This 
includes design, management, manufacture, training, purchas- 
ing, company policy, complaints etc and not just inspection. The 
closed loop is obtained by identification of defects, corrective 
actions and management reviews of the system so that Quality 
Assurance “fine tunes” to give continuously improving quality. 


4. LR’S NEW REQUIREMENTS FOR YACHT 
AND SMALL CRAFT BUILDERS 


4.1 Requirements to be Complied with for 
Classification or Certification 


On the 15th September 1988 LR’s Yacht and Small Craft 
Services Department issued an instruction to all LR Outports 
that no surveys for Certificate of Class, Certificate of Hull 
Construction or Building Certificates were to commence unless 
the builder’s Quality Control Procedures had been formally 
accepted by LR or it has been demonstrated to the satisfaction 
of the Port Manager concerned that the builder was co-oper- 
ating to install these procedures and that the final documents 
for acceptance by LR would be available by 15th September 
1989. The letter of instruction also listed the areas which were 
required to be controlled. (See Appendix D) 

Those areas involved with the manufacturing of the hulls of 
yachts and small craft which were not previously controlled in 
accordance with YSCS Guidance Notes, Technical Notes and 
LR Rules are now required to be both controlled and docu- 
mented. Some of the listed areas in the Instruction were already 
controlled by some Manufacturers but they were not always 
documented so as to be clear and unambiguous to the Manu- 
facturer’s workforce and the attending LR Surveyor. 
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Figure 1. Boat Builder's Choices 


4.2 Classification and Certification to be Covered by 
the New Requirements 


4.2.1 Certificates of Class 


Yachts which are built in accordance with LR’s Rules for Yacht 
Construction under the supervision of LR’s Surveyors can be 
assigned class notation with the character 100A1 PC Yacht. 


4.2.2 LR Building Certificate (LRBC) 


As an alternative to Classification, LR will provide a LRBC 
(PC) or (SC) Certificate for newly constructed yachts or service 
craft respectively which have been built of an approved mate- 
rial under the supervision of LR’s Surveyors, in accordance with 
the LR’s Yacht and Small Craft Rules. This type of certification 
has no requirement for mandatory periodical surveys after 
completion and issue of the certificate. 


4.2.3 Hull Construction Certificate (HCC) 


The hull construction certification requirements - HCC(PC) 
and (SC) - October 1989 are shown as Appendices A and B. 


4.2.4 Fibre Reinforced Plastics (FRP) Hull Moulding Note 


The manufacturing stages of the hull construction of FRP 
yachts and service craft building under LR’s construction 
survey for certification or classification are, in general, docu- 
mented on a FRP Hull Moulding Note. The HMN documents 
list the items completed to the Surveyor’s satisfaction on the 
date of his final inspection. 

The HMN (see Appendix C) is therefore, a document cover- 
ing an unfinished hull passing from one contractor to another 
and will indicate what items remain to be completed and satis- 
factorily witnessed by the LR Surveyor before a HCC(PC) or 
(SC) can be issued to the Moulder or Builder. 


5. CHOICES AVAILABLE TO A 
YACHT/SMALL CRAFT BUILDER 


A builder has a variety of choice of the type of quality system 
to be introduced. He may already have an existing Quality 
System that may provide some of the controls required which 
could be revised or supplemented to meet LR’s new require- 
ments. However, in all cases his Quality Control System should 
fit into one of the three options described in this section. 

Large builders may opt for a comprehensive Quality 
Management System in accordance with LR’s ‘Quality Assis- 
tance Scheme for Hull Construction of Small Craft’ or an 
International or National Standard, whereas the smaller 
builder will probably prefer LR locally accepted Quality 
Control Procedures. 

The three options are shown diagrammatically in Figure 1 
and are described as follows. 


5.1 Approval of Quality Management System and 
International/National Standard 


This requires a fully documented Quality Assurance System in 
accordance with an International or National Standard such as 
ISO 9000 and to have been assessed to the chosen standard by 
an Accreditation Agency. In the United Kingdom this could be 
to BS 5750 Part 1 with assessment and certification by 
LROA Ltd. 

The International or National Standard will not by itself 
satisfy the LR requirements for small craft certification as it is 
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Figure 2. Criteria Affecting Quality During Manufacture of a Boat 
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concerned with systems only and not with product inspection. 5.3 LR’s Locally Accepted System of Quality Controls 
The documented procedures in the system may cover some of 
the controls required to be monitored but to fully meet LR 
requirements but to allow certification the Builders’ system 
should be supplemented with procedures to generally meet 
Part 2 of the LR Quality Assurance Scheme as in Section 5.2 
following. The procedures should in all cases cover the activities 
shown in Figure 2. 


This requires quality controls being implemented in accordance 
with the Rules so as to provide acceptable statements and 
procedures covering the builder’s management and organisa- 
tion as well as materials, operational techniques and activities 
used to measure and regulate quality of construction to the 
required level. 

The extent and complexity of these controls will vary consid- 
erably depending upon the size and production output of the 
5.2 LR Quality Assurance Scheme for Small Craft builder concerned, as well as the construction material 
involved. For this reason LR are not issuing defined Regula- 


This new scheme has recently been introduced and covers all : 
tions for the controls. 


Quality Assurance requirements such as the activities and func- 
tions concerned with the attainment of quality, together with 
the documentary evidence to confirm that such attainment is 
met. It is divided into two distinct parts. 

Part | relates solely to the quality management system oper- 
ated by the builder and is applicable to any builder constructing 
small craft in any material. 

Part 2 provides objective evidence that craft being 
constructed comply with LR requirements for Hull Classifica- 
tion or Certification in all aspects of hull production and testing. 

This scheme allows for surveys to be conducted by a combi- 
nation of system monitoring and direct inspection replacing 
in-process hold point inspection to a large extent which can give 
a cost effective benefit to the builder. 


6. PARAMETERS TO BE CONSIDERED FOR 
ANY TYPE OF QUALITY SYSTEM 


Figure 2 shows diagrammatically the activities that have an 
effect on the quality of a FRP yacht or small craft, but apart 
from “Moulding Manufacture” which could be replaced by 
“Fabrication” they apply to either FRP or Steel/Aluminium 
Manufacture. These parameters apply regardless of the size of 
the builder. 


nN 


6.1 Management Commitment 


The success of any Quality System is dependent upon the 
commitment of all employees to Quality, but the lead should 
come from the Senior Management. It is essential that the 
Management Policy should ensure that Quality has priority 
over production and that this commitment filters down through 
the workforce. 


6.2 Organisation 


Quality must be planned and structured in the builder's thinking 
at every level. The organisation of the builder is dependent on 
the number of employees, for example, a larger builder will 
have an Organisation Chart that shows that the manager 
responsible for quality should be on at least the same level as 
the manager responsible for production. This Manager should 
have the authority to ensure the continuing effectiveness of a 
Quality System and be responsible for the final acceptance of 
the product. 

In a smaller builder it may be that there is not a “Quality 
Manager” as such, but it should be clear that the person respon- 
sible for quality has the same degree of authority and is not 
compromised by production pressures. 

The Organisation of a builder should also be adequately 
documented to show who is responsible for the activities shown 
in Figure 2. 


6.3 Design 


The quality of the ultimate product can be no higher than that 
prescribed at the design stage. The “right” quality must there- 
fore be considered at the design stage and thus it is imperative 
that the Client’s Specification be clear to the Designer in order 
for him to design for this quality. 

The designer must ensure that the builder uses the scantlings 
and methods of construction to LR Rules for Yachts and Small 
Craft and that he prescribes these requirements on the Data 
Sheets and drawings submitted for approval. 

Production should not, in general, commence until the draw- 
ings submitted by the designer have been approved and the 
comments and amendments made have been satisfactorily 
dealt with. 


6.4 Material 


Just as for the design input the final quality of the yacht or small 
craft cannot be higher than the materials selected and used in 
the construction. 

For FRP construction full details of materials to be used 
must be submitted to LR on LR’s Material’s Data Sheet (Form 
2075) and these materials must all have been approved for their 
application. Builders should seek and retain copies of approval 
Certificates or letters of acceptance from their suppliers. 

In steel/aluminium constructions the type and grade of 
materials are to be specified on drawings or supplementary 
data. They are also to be acceptable to LR for their intended 
purpose. 

Itisimperative that the person or department in the builder's 
works responsible for purchasing materials be aware of the 
material specifications and clearly detail them on all purchase 
orders placed on suppliers. They should also be aware that they 
cannot deviate from the materials specified on the FRP Mate- 
rial’s Data Sheet without LR approval. 

On receipt in the works the materials must be checked 
against the purchase order, drawing and/or specification and 
their safe receipt recorded. Certificates covering resins, cata- 
lysts, accelerators, gel coats, reinforcements, steel or aluminium 
plates and sections should be supplied with these materials and 


also checked on receipt. FRP materials such as resins and gel 
coats have shelf lives and should be used in order of manufac- 
turing date to ensure stock rotation. 

The manufacturing date of all such materials should be 
recorded on receipt. The safe storage of all materials is essential 
for the maintenance of quality, they should be stored in accor- 
dance with the manufacturer’s requirements and in such a 
manner as to prevent deterioration through contact with heat, 
sunlight, damp, cold and poor handling. 

The issue of materials is to be controlled so that there is no 
possibility of using unspecified materials. Unused surplus mate- 
rials should be removed from the shop floor and restored if 
identification has been maintained. 


6.5 Moulding Operations (for FRP Manufacture) 


Moulding Environment, Workmanship and Workshop 
facilities are critical to the quality of acomposite FRP laminate. 
LR Yacht and Small Craft Rules, YSC Tech Notes fully describe 
the facilities required and the conditions to be maintained. The 
criteria affecting quality during moulding operations are shown 
diagrammatically in Figure 3. 

The nature of the laminating process whereby the material 
is made as it is laid up demands controls throughout as quality 
of the product cannot be completely assessed by “post construc- 
tion” checks or tests. Laminators, therefore must be adequately 
trained and are given the correct Instructions for the work they 
carry out. These Instructions are to be controlled and should, 
in general, take the form of LR approved drawings, cutting lists 
for reinforcements, standard works’ procedures and checklists. 
They must also be clear, concise and unambiguous and be avail- 
able at their point of use. All such Instructions must be in a 
written or diagrammatic form and authorised by the relevant 
responsible person. 

The full requirements for the activities to be controlled in 
the moulding shop environment are shown in Appendix I. 


6.6 Fabrication (Steel/Aluminium Materials) 


The fabrication of steel and aluminium yachts or small craft is 
critically dependent on the efficiency of the welded joints. 
Consequently the welding procedures and qualifications of the 
welding operators must be controlled. These controls are, in 
general, to cover weld preparations, welding processes, 
consumables, welding positions, welder’s performance tests 
and post weld examinations. They are therefore to be docu- 
mented and authorised by the relevant responsible person. 

The fabrication environment is to be suitable for the welding 
techniques employed. Suitable controls are to be imposed if 
fabrication takes place in the open air where adverse weather 
conditions could affect the quality of welding. 


6.7 Inspection Activities 


The effectiveness of the Quality Control System will depend 
on the critical inspections being carried out throughout manu- 
facture by suitably qualified personnel using pre-determined 
acceptance criteria. This applies equally to steel/aluminium 
alloys as to FRP manufacture. Stage inspection should be intro- 
duced such that each stage of the manufacture is inspected and 
cleared before work progresses to the point where the quality 
of the previous stage cannot be ascertained. For FRP manufac- 
ture a system of inspection sheets are to be issued to ensure 
that all items listed on the Hull Moulding Note have been 
inspected at the appropriate stage, cleared and “signed off” by 
the authorised Inspector. 

Where builders require full classification, a series of Inspec- 
tion Sheets can be drawn up to various stages of manufacture 
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Figure 3. Parameters Affecting Quality During Moulding Manufacture 


and these can be combined as a part of the documentation pack- 
age of the craft (see paragraph 8.2). 

Depending upon the complexity and extent of the Quality 
System and the output of a particular builder, it may not be 
practicable for the attending LR Surveyor to personally carry 
out all the stage inspections. Certain inspections may, by agree- 
ment with LR, be carried out by the builder’s authorised 
inspectors. It is therefore, essential that the attending Surveyor 
approves the nature and extent of the inspection carried out 
and that the acceptance criteria used by the builder are accept- 
able to LR. To achieve this inspection sheets are to be 
supplemented with check lists that fully describe the extent of 
inspections to be carried out and indicate the acceptance/rejec- 
tion criteria applicable. Such check lists are to be drawn up and 
agreed with the attending Surveyor. 

In short, the inspection sheets must give a complete record 
of what is to be inspected, and the check lists must give a clear 
indication of how it is inspected and what is acceptable. 

Non-conforming work, items which are found not to meet 
the requirements of approved drawings, check lists and or work 
standard processes, is to be identified and segregated and no 
further work carried out until a decision has been made as to 
how the deficiency should be dealt with. To achieve these 
controls a procedure should exist, adequately documented to 
describe either acceptable repair/rework of the items or rejec- 
tion. 


6.8 Documentation Control 


It is essential that all personnel are in receipt of an up-to-date 
copy of the relevant documents they should be using, be it a 
procedure, drawing, inspection sheet or check list. It is impor- 
tant that the builder is aware who has copies of documentation 
and the revision or issue level that has been reached. When an 
updated copy of a quality document is produced it should be 
promptly distributed to the prescribed holders and the super- 
seded copies returned or destroyed. 

Documentation control also includes the storage of old 
drawings, quality inspection records, certificates etc, in a way 
that allows them to be easily retrieved. 


6.9 Corrective Action 


When an item is found not to comply to the specified 
requirements of the relevant check list it is to be recorded; 
either on a non-compliance note or the inspection sheet. There 
should of course be some immediate action to correct this 
defect, but it is also desirable that nature and frequency of any 
such deficiency be continuously reviewed so as any necessary 
corrective action can be taken. 

This also applies to customer complaints. The attending 
Surveyor should always be advised when a complaint has been 
received about any part of a yacht that is covered by LR Certi- 
fication. Failure to obtain this information could lead to LR 
issuing Certificates in ignorance when design faults or recurring 
manufacturing problems exist. 


7. CONTROL OF QUALITY OF ACTIVITIES BY 
DOCUMENTED PROCEDURE 


The Quality Controls required for the defined activities are to 
be documented by written down procedures that describe 
clearly and unambiguously how each of the above activities 
listed in Section 6 is carried out, when it is carried out and by 
whom. 

Each procedure should have a title, for example “Control 
of Approved Drawings” and should be structured as shown in 
Figure 4 and the example shown on Figure 5. 


71 Scope 


The Scope should clearly define the extent of the activity to be 
controlled by the procedure and the subsequent sections should 
be written with this in mind. 


7.2 Purpose 


The purpose of a procedure may be clear from its title and in 
such cases this section may be omitted. Some procedures 
however, are enhanced by detailing its objectives. An example 
of this could be a procedure describing the final inspections to 
be carried out on a FRP yacht where it may be unclear to the 
inspector why various parameters are defined. Clarification can 
be achieved by recording in the procedure that its purpose is 
to allow the issue of an LR Hull Construction Certificate. 


7.3 Responsibility 


It is essential that the persons responsible for implementing the 
requirements of the procedure are defined by reference to title 
and position. This information avoids confusion to both the 
responsible personnel and those carrying out the requirements 
of the procedure. 


7.4 Instructions 


This section of the procedure describes in words who is to 
perform the activity, when it is to be done and how they do it. 
The instructions should normally be sufficiently detailed to give 
someone unconnected with the activity a clear indication how 
to carry it out. 


Procedure No LR comp 
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— Company 


PROCEDURE: FINAL INSPECTION 
1.3 SCOPE 


1.1 This procedure describes the activities to be carried out at 
final inspection. 


2. PURPOSE 


2.1 To ascertain that the Yacht being inspected meets the full 
requirements of LR for the issue of a Hull Construction 
Certificate (PC) 


3. RESPONSIBILITY 


3.1 Itis the responsibility of (Fitting Out Shop Supervisor) to carry 
out a final inspection of the Yacht. The QA Manager will 
review the documentation and advise the LR Surveyor that 
documentation package is ready for review. 


4. INSTRUCTIONS 


4.1 After all fitting out activities have been completed and prior 
to despatch, each Yacht is to be subject to final inspection. 
The following will be checked. 

a) Verify the LR Hull Construction Certificate plate has been 
fitted and that the number corresponds to that on the 
transom of the vessel and on the documentation. 

b) Final structural examination (internal and external) to 
ensure no handling damage has taken place and to 
ensure there are no obvious deficiencies in respect of LR 
requirements. 


Figure 5. Sample Layout for a Procedure 


tes. Implementation of Procedures 


The procedure must be written by someone who is thoroughly 
familiar with the activity concerned, it must be written within 
the constraints defined in the scope and be workable on the 
“shop floor”. 

The contents of any draft procedure should be agreed by 
those responsible for the activity, it should then be introduced 
for a trial period and any noted errors, anomalies or problems 
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Figure 4. Control by Procedure 
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Figure 6. The necessity for Quality Controls are to size of Builder 


fed back to the originator. The procedure can then be amended 
and issued in its “official” draft form. 

This process of feedback and amendment should also be 
continued after the formal implementation of the procedure. 
An activity cannot be said to be under control if the relevant 
procedure is not being followed, therefore, it is essential that 
periodic checks be made to ensure that the procedure is being 
adhered to and that it is achieving its intended scope and 
purpose. If such checks reveal that deficiencies or non-confor- 
mities are occurring within the scope, even though the 
procedure is being followed, then obviously amendment is 
necessary. 


7.6 A System Manual 


The applicable procedures of the Quality System should be 
compiled into a Manual. This Manual should also contain a 
declaration of Management Policy, the Works Organisation 
and all the above procedures. 

In the case of a large organisation the Manual may be the 
Quality Manual, addressing Part 1 of LR’s optional Quality 
Assurance Scheme or an International or National Quality 
Standard (for example BS 5750, ISO 9000 or AQAP 1). This 
will not necessarily include all of the detailed quality proce- 
dures required by the Rules and for LR acceptance the Manual 
would need to be supplemented by a separate Procedures 
Manual or alternatively Part 2 of LR’s Quality Assurance 
Scheme should be applied. 

The Manual and the Procedures are required to be reviewed 
by LRas the initial step in its acceptance of the Quality Controls 
of a builder. 


8. A QC SYSTEM FOR A LARGE OUTPUT FRP 
BUILDER 


8.1 Reason for such a system 


It has been stated previously that the extent of the Quality 
Controls introduced will mainly depend on the output of the 
builder see Figure 6. A large builder would possibly produce 
over 400 boats a year which under traditional survey methods 
would mean full time attendance of one or more Surveyors at 
the builder’s yard making survey costs prohibitive. An alterna- 
tive to this that permits surveys to be conducted by a 
combination of systems monitoring and periodical direct 
inspection would be extremely attractive to such a builder. Two 
large output builders in the United Kingdom have introduced 
such a scheme whereby both they and LR make documented 
commitments to the quality of the products. This section 
describes a quality system that could be introduced into a large 
output boat builder and be acceptable to LR’s requirements. 


8.2 The System’s Manual 


The Manual should be divided into two parts as shown in 
Figure 7. This should comprise:- 

Part A - The Builder’s Controls. This defines the builder’s 
commitment to ensure each boat complies with LR’s require- 
ments for the issue of a Hull Construction Certificate (HCC) 
or a LR Building Certificate (LRBC). 

Part B - LR’s Controls. This defines LR’s (the attending 
Surveyor and his Office) responsibilities and how the Part A 
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Figure 7. LR requirements January Ist 1989 


of the system is monitored and to ensure its continuing effec- 
tiveness. 

The Manual should be signed by both the builder’s senior 
management and LR’s local area manager in a statement that 
commits both parties to the system’s requirements as laid down 
in the System Manual. 


8.3 The System 


Part A - The Builder’s Controls and Responsibilities 
Figure 8 shows the typical contents for Part A of a typical 
Systems Manual covering all the controls shown in Figure 2. 


8.3.1 Statement of Policy 


This should be a basic statement by the managing director of 
the company, stating the company’s policy and commitment to 
quality. Itshould commit the company to meet their contractual 
undertaking to build boats which meet LR’s requirements. A 
typical example is shown in Appendix E. 


8.3.2 Organisation 


This section should include a flow chart showing lines of 
responsibility and authority from the managing director down 
to the shop floor level. There should be a clear indication of 
those responsible for quality and how the quality function is 
sufficiently independent of production. The quality manager 
or equivalent should have a line of responsibility back to a 
senior member of management so that quality matters cannot 
be overruled by production. The responsibility and authority 
of personnel should be defined in writing, particularly for the 
quality functions. 


8.3.3 Procedures 


Submission of Drawings for Approval 

This procedure should describe how drawings are submitted 
to LR for approval and the amendments are incorporated onto 
the master drawings. It may also cover aspects where minor 
amendments are agreed locally. A typical example is shown in 
Appendix F. 


8.3.4 Control of LR Approved Drawings 


This procedure should describe how approved drawings are 
controlled so that the drawing office ensure they have all the 
necessary approved drawings and that the latest issues are avail- 
able at the point of use. A typical example is shown in 
Appendix G. 


8.3.5 Drawing Office Procedures 


This procedure should describe any drawing office practices 
not covered by the previous two procedures. 


8.3.6 Work Instructions 


This procedure should define how instructions, in the form of 
approved drawings, route cards, standard procedure drawings, 
checklists etc are complied, issued, and used by relevant person- 
nel so that they have clear guidance in carrying out their work. 
There must be some way of ensuring that LR’s requirements, 
whether in the form of an approved drawing or written instruc- 
tions etc are available to those performing the work. For a 
typical example of a procedure see Appendix H. 


8.3.7 Moulding Shop Practice 


This procedure is probably the longest. It be divided into a 
number of procedures to cover all the aspects of FRP moulding 
which need to be controlled. The full list of controls is included 
as Appendix I. All these procedures appertaining to the FRP 
manufacture should be covered by this procedure. A sample 
procedure is shown as Appendix J. 


8.3.8 Inspection Sheets 


This procedure should describe how each inspection necessary 
for the issue of the Hull Construction Certificate is documented 


SYSTEMS MANUAL — PART A 
BUILDERS’ CONTROLS AND RESPONSIBILITIES 


CONTENTS 
oF Statement of Policy 
2 Organisation 
3. Procedures 
PROCEDURE 
NUMBER TITLE 
A Submission of Drawings for Approval 
2 Control of LR Approved Drawings 
3 Drawing Office Procedures 
4. Work Instructions 
5, Moulding Shop Practice 
6 Inspection Sheets 
7 Checklists 
8. Approval of Supervisors/Inspectors 
9. Non-Conforming Material 
10. Final Inspection 
dale QA Records 
12. Customer Complaints 
13. Training 
14. Work Supervision 
15; Purchased Goods 
16. Reinforcement Issue Procedure 
17. Control of this Manual including up-dating 
Authorisation and Issue 
18. Weighing/Thickness of Hulls 
19 First off Build of a New Yacht Type 


Figure 8. Typical Systems Manual — Part A 
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Figure 9. Inspection Sheets 


and signed for by inspection personnel. A typical example of 
such a procedure is shown in Appendix K. 

A typical system might have a separate inspection sheet for 
each moulding, each sheet being identifiable to the moulding. 
As each moulding is assembled into the boat, each completed 
inspection sheet is added to the documentation package for that 
boat (see Figure 9). Each inspection stage should have spaces 
for signature by the builder’s inspector and the surveyor. The 
latter, by agreement, may only carry out spot or sample checks 
to ensure the required standard is being maintained. For exam- 
ples of inspection sheets see Figure 10 and Appendix O. 


8.3.9 Checklists 


A checklist may be defined as a sheet that informs the inspector 
what has to be done when carrying out a particular inspection. 
The Surveyor should have an input in the writing of the sheet 
listing the required checks to be made and LR’s acceptance/ 
rejection criteria. A typical procedure to cover the use of check- 
lists is shown in Appendix L. 

Each activity on the inspection sheet should cross reference 
the relevant checklist item. 

Thus by the use of inspection sheets and checklists the 
surveyor will have confidence that all necessary inspections 
have taken place, what was checked for and what standard was 
accepted, albeit that he did not carry out all the inspections 
himself, see Figure 11. 


8.3.10 Approval of Supervisors/Inspectors 


As the surveyor may not see all inspections himself, he must 
rely on the builder’s inspectors to carry out 100% of the inspec- 
tion activities. Accordingly the surveyor must be satisfied with 
the personnel carrying out the inspections. This procedure 
should describe how the surveyor accepts the firm’s inspectors 
as having sufficient experience and knowledge of LR’s require- 
ments to carry out inspections. 


8.3.12 Non-Conforming Material 


This procedure should describe the action to be taken when 
something is found not to conform to the drawings, checklists, 
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purchase orders etc. The procedure should differentiate 
between minor blemishes and defects, for example where the 
required repair needs to be implemented by staff with the 
necessary knowledge and authority. The responsibility for 
authorising major repairs must not, therefore, lie with shop 
floor operators. Non-conforming material reports (see 
Figure 12) are to be issued to forma part of the boats’ document 
package. Each report should be sighted by the surveyor who 
endorses it to signify his acceptance of the repair. 


8.3.13 Final Inspection 


This procedure should describe all that the company does at 
final inspection to ensure the boat fully meets LR’s require- 
ments. This should include a review of all inspection sheets to 
ascertain that all previous inspections have been satisfactorily 
completed and signed off correctly, a check that the LR HCC 
plaque is correctly fitted, and a final structural examination. 


8.3.14 


With the current legal climate and product-liability legislation, 
it is not merely sufficient to say you have done something and 
that it was found satisfactory. It must all be documented and 
such documents retained in a manner which permits retrieval. 
LR requires all records which show that the boat complies with 
LR’s requirements be retained. These records are to include, 
but not necessarily limited to inspection sheets, checklists, 
material certificates, temperature and humidity records, resin 
batch numbers, and FRP material approval certificates. A typi- 
cal procedure for Quality Records is shown in Appendix M. 


Records 


8.3.15 


This procedure should detail how customer complaints are 
processed by the builder to ensure the attending surveyor is 
advised when a customer has complained about an item 
covered by the LR certification. The procedure should describe 
how corrective action is taken and proved satisfactory to the 
surveyor. 


Customer Complaints 
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Figure 10. Typical Inspection Sheet for GRP Builder 


Resin batch number 
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8.3.16 Training 

This procedure (similar to that shown as Appendix N) should 

define company policy in respect to the training of all personnel : fence heard 

fee ay Inspection sheets ‘| — Inspection and 

who perform work covered by the LR certification. The training acceptance criteria 

process should cover the period from initial induction to 

becoming a skilled operator. The procedure should also —_ - — : 
: o : : elines all Stages lefines what is to 
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on production work until they are considered competent to in manufacture what is acceptable 

work onstructural items. LR will give any guidance on the train- 

ing scheme as requested by the builder. 
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8.3.17 Work Supervision 


Check Keel for 
trueness and shape 


This procedure should describe how the company ensures there 14 
is an adequate level of supervision during normal, abnormal 
working hours and holidays. 


Checklist criteria 


Check top surface of 

keel as follows 
Transverse 

- 2mm max. concavity 

- No convexity allowed 
Longitudinal 

- 2mm max. concavity 

per metre length of keel 
- No convexity allowed 


8.3.18 Purchased Goods 


This procedure should describe how the purchasing 
department order materials to meet LR’s requirements. The 
material selection should begin with the materials data sheet 
and the procedure should ensure the purchase order or associ- 
ated documents clearly define the type, grade, quality, size, etc, 
as appropriate for all materials and components etc, ordered. 
It must be specified to the supplier that the goods must meet 
LR’s requirements for their intended application. Figure 11. Use of Inspection Sheets and Checklist 
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Figure 12. Typical Non-Conformity Report 
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Figure 13. LR Responsibilities for Survey and Certification 


8.3.19 Reinforcement Issue Procedure For FRP Boats 


This procedure describes how the requirements of the 
approved drawing are communicated to the reinforcement 
cutter, so as to ensure that the cut reinforcements are of the 
correct weight, size and type for a particular boat. It should 
describe how the cut reinforcements are stored and then issued 
to the moulders. 


8.3.20 Control of the Manual including Updating, 
Authorisation and Issue 


This procedure is self-explanatory, but should define who is 
responsible for maintaining a master copy of the system manual. 
Each sheet in the master copy should be authorised and used as 
the basis for making and issuing copies. In a similar manner to 
drawings there must be a system for knowing who holds copies 
of complete manuals or individual procedures so that they can 
be issued with revised copies when there is a revision. 


8.3.21 
Boats 


Weighing/Thickness of Hulls and Decks for FRP 


LR approved drawings contain glass contents (glass to resin 
ratios) and/or thicknesses. This procedure should describe how 
the thickness of each hull or deck is verified as conforming with 
LR’s minimum requirements. Thicknesses may be ascertained 
by measuring cut-outs or by using Ultrasonic Thickness 
Gauges. Burn off tests can be used to ascertain if the right glass 
to resin ratios are being achieved and also the lay-up sequence 
of reinforcements. Weighing of each moulding and comparing 
against a calculated figure known to be correct will also assist 
the builder in achieving the optimum lay up. 


8.3.22 Receipt and Storage of Purchases Goods. 


This procedure should describe how all purchased goods 
(whether sub-contracted parts, assemblies or raw material(s)) 
are checked on receipt at the builders to ensure they comply 
with the purchase order requirements, approved drawings, 
good workmanship etc. 

It should require that LR approved materials have been 
received where stated on the purchase order. 

The procedure should also describe how such goods are 
stored to ensure they are used in correct rotation and are not 
allowed to deteriorate or exceed their shelf life. 


8.3.23 First-Off Build of a New Yacht Type 


This procedure should describe how the company progress a 
new yacht model so that the surveyor is fully involved, thereby 
ensuring that a yacht does not enter into production before the 
surveyor is satisfied all LR’s requirements have been achieved. 


8.4 Part B Surveyor’s Controls 


Figure 13 indicates the full scope of LR’s responsibilities before 
certification can be issued for a yacht. This begins with the initial 
inspection and acceptance of the works for moulding FRP craft. 
However Part B of the system manual assumes that the works 
has already been accepted. 

Once the quality control procedures and manual have been 
accepted, the surveyor’s role is essentially a monitoring function 
to ensure the builder is adhering to the controls laid down in 
Part A of the manual and that they are effective. Figure 14 
shows a typical list of procedures which will cover the surveyor’s 
controls. 


8.4.1 Approval of Drawings by LR YSCS Department 


This procedure describes the LR process of approving and 
returning the designer’s drawings and forwarding copies of the 
drawing and approval letter to the attending surveyor. 


8.4.2 Control of Surveyor’s Copies of LR Approved 
Drawings 


The surveyor should maintain an up-to-date drawing register 
for each model of yacht being built under his survey. There 
could be one sheet per drawing filled in as shown on Figure 15, 
from which it can be seen that space is provided for recording 
locally approved amendments. 

The procedure is to describe how the surveyor controls his 
drawings effectively. 


8.4.3 Monitoring of Inspections Carried Out by Company 
Personnel 


This procedure describes how the surveyor carries out random 
spot checks on inspections already signed off by the builder, so 
as to ensure that the firm’s inspections are effective and 
continue to meet the required standard. 

Each satisfactory random check should be signed off by the 
surveyor in the appropriate space on the inspection sheet. 


8.4.4 Monitoring of Workshop Conditions and Practices 


Workshop conditions and practices are critical for ensuring that 
a boat is built to the right quality for LR certification. The 
surveyor needs to monitor these at each visit but a thorough 
full monitoring check should take place approximately once 
per month in accordance with a questionnaire, see Appendix E. 
Any discrepancies should be recorded on a system deficiency 
report (see Figure 16) which should be handed to the quality 
manager for action. This should only be signed off by the 
surveyor when he is satisfied the builder’s corrective action is 
effective. 


SYSTEMS MANUAL — PART B 
SURVEYOR’S CONTROLS 


CONTENTS 
ils General Statement of Lloyd’s Register of Shipping 
(‘LR’) responsibilities 
2. Organisation 
3. Procedures 
PROCEDURE 
NUMBER TITLE ISSUE 
A: Approval of Drawings by LR Yacht 
and Small Craft Department 
2 Control of Surveyors’ copies of LR 
Approved Drawings 
3. Monitoring of Inspections carried out 
by Company Personnel 
4. Monitoring/Audit of Systems detailed 
in Parts A and B of this Manual by a 
QA Surveyor 
Sp Monitoring of Systems detailed in Part 
B of this Manual by the attending 
Surveyor 
6. Monitoring of Workshop Conditions 
and Practices 
7h Issue and Control of LR HCC Plaques 
8. Final Acceptance of Yacht for an LR 
HCC 


9. Preparation and Issue of LR HCC 


Figure 14. Systems Manual — Part B 
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Figure 15. Typical Sheet from Surveyors Drawing Register 


8.4.5 Monitoring/Audit of Systems Detailed in Part A of 
Manual by Attending Surveyor 


This procedure describes how the attending surveyor 
monitors/audits the procedures laid down in Part A of the 
manual to ensure they are being followed and remain effective. 
If two procedures are monitored each month in accordance 
with the plan shown in Figure 17 then the whole system will 
have been covered in twelve months. The audits should be 
carried out in conjunction with the Builder’s Quality Supervi- 
sors. Any discrepancies are to be recorded on a system 
deficiency report and passed to the quality manager for action. 


8.4.6 Monitoring/Audit of Systems Detailed in Parts A 
and B of Manual by a QA Surveyor 


At least once per year a QA surveyor should carry out an audit 
on the surveyor’s and the builder’s activities in accordance with 
Parts A and B of the manual. A system deficiency report shall 
be raised if anything is found wrong. 


8.4.7 Final Acceptance of a Boat for LR Certification 


This procedure should clearly describe the activities to be 
carried out by the surveyor at final acceptance including a 
review of all documentation. A copy of the documentation 
package is to be passed to the surveyor for LR’s records. 


8.4.8 


This procedure describes how the surveyor prepares and issues 
the certification. An example of the new HCC (PC) and (SC) 
certificates are included as Appendices B and C. 


Preparation and Issue of LR’s Certification 


8.5 System Implementation and Feedback 


As each procedure is completed and agreed it is to be 
implemented until a point is reached where the whole manual 
is in operation by both the builder and the surveyor. Procedures 
should be in operation for a minimum of three months before 
their complete effectiveness is finally gauged. The quality 
manager or other responsible person should co-ordinate any 
feedback. The change in procedure is to be agreed with the 
surveyor and amended accordingly. 

Regular review meetings should be held with appropriate 
management personnel. Procedures are to be monitored to 
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Action Proposed by Company 
Agreed Time Limit to Resolve Deficiency 
Action Taken Satisfactory 

Date 


Surveyor 


Figure 16. Typical System Deficiency Report 


ensure they are being followed. Once the system is proved to 
be working the manual can be finalised. 


8.6 Approval/Acceptance of Manual 


Once the manual has been finalised it is to be forwarded to the 
office of the Regional or Country Manger for records. Amend- 
ments should be made according to comments made by the QA 
surveyor or when any change in work’s personnel or structural 
design of craft occur. 


8.7 Initial Assessment and Ongoing Audit 


In the case of the large builder it would be necessary for an 
initial assessment to be carried out by a QA surveyor and a 
Yacht surveyor or a surveyor experienced in this type of 
construction. The assessment will include checking all activities 
covered by LR certification, including purchasing, stores, draw- 
ing/design office, workshops etc. The system should be assessed 
against the manual, LR Rules, YSCS Guidance Notes and Tech- 
nical Notes. Any deficiency will be recorded on a system 
deficiency report. Assistance on technical assessment can be 
obtained from YSCS Department London. 

The ongoing effectiveness of the system will be checked by 
the controls outlined in Part B of the manual. 


8.8 Certification 


Each hull manufactured under the accepted system of Quality 
Controls may be issued with the relevant LR certification. 

If at any stage the surveyor is not satisfied that the builder 
is adhering to the system laid down in any part of the manual, 
he shall advise the builder that no certificates can be issued until 
all matters are rectified in accordance with the agreed manual. 


8.9 Documentation 


LR is to receive a copy of the builder’s documented records for 
each boat prior to the issue of the certificate. These records will 
then be retained with the plans for any future enquiry by clients. 


8.10 Review Meetings 


The builders should be encouraged to hold review meetings at 
regular intervals in order to discuss problems regarding quality, 
non-conformity reports, system deficiency reports etc. The 
attending surveyor may also have an input to such meetings. 


9. A QC SYSTEM FOR A LOW OUTPUT FRP 
BUILDER 


91 Reason for such a system 


The low output builder will not normally have sufficient work’s 
personnel to operate the detailed Quality System described in 
the previous section. The Rules however, require the critical 
operations in the manufacture of yachts or small craft still be 
controlled as effectively. The low output builder is to have the 
same degree of commitment to quality and have adequate 
documented procedures to control the activities as listed on 
Figure 2. 

To achieve the required level of control the attending 
surveyor may be required to have a greater involvement with 
the builder by having more regular visits and with the degree 
of delegation to the builder’s inspection personnel reduced. The 
surveyor may therefore, spend more time carrying out direct 
inspection and less time on system monitoring. The fees 
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Figure 17. Audit Plan 


and workshop 


charged will be based on the increase in number of visits 
required. 

This section describes a typical Quality Control System that 
could be accepted for a low output builder and maybe taken as 
a guide to LR’s minimum requirements. 


9.2 System’s Manual 


A System’s Manual should be compiled and controlled. This 
control should cover formal issue and revision. 

The Manual although not so detailed as for a larger output 
builder should contain as a minimum the sections indicated in 
9.2.1 to 9.2.3. 


9.2.1 Statement of Management Policy 


This should clearly state the management commitment to 
quality and that quality should take priority over production. 


9.2.2 Organisation and Statement of Responsibilities 


The staff of a small builder may have more than one job title 
and responsibility, this can be acceptable provided that it is clear 
quality is not prejudiced by production expediency. It is also be 
clear from this section who is responsible for the quality activ- 
ities of the system. 


9.2.3 
System 


The Documented Procedures required for the 


The procedures should as a minimum requirement cover the 
activities listed in Figure 18. It is seen that these activities are 
apparently less than those previously shown on Figure 8, the 
controls of a large output builder, in that they do not detail 
“Approval of Supervisors/Inspectors”, Non-Conformity Mate- 
rial”, Final Inspection, Customer Complaints, Training, Work 
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Figure 18. Procedures for Low Output Builder 


Supervision, Mat Issue Material, Weighing and Thickness of 
Hulls and First off Build. 

These activities are however, covered by other procedures 
for the system, for example the approval of Supervisors, Non- 
Conforming Material and Final Inspection could be 
incorporated in one procedure for “Inspection of Manufactur- 
ing Process”. 

The procedures for Moulding Shop Environment and Lami- 
nating Processes will normally be the most complex of the 
procedures in the Manual and will be similar in length and 
format. 


tS) QC Procedures for a Low Output FRP Builder 


eta | The procedures should cover all the parameters 
identified in Section 6 except perhaps “Design”. Many small 
builders use designs supplied by a larger company or consul- 
tancies, in these cases the builder’s controls are to at least cover 
the submission of the drawings and Data Sheets for approval 
and also the distribution after approval. The list of procedures 
shown in Figure 18 may be considered as the minimum require- 
ments for a low output FRP builder. 


9.3.2 Drawings and other Documentation 


The procedure or procedures is to as a minimum control: 

(a) Drawing and data submission for approval. 

(b) Ensuring any comments made during approval are dealt 
with. 


(c) Distribution of drawings to shop floor and removal of 
superseded copies on revision. 


9.3.3 


This procedure is to control the:- 


Receipt, Storage and Issue of Materials 


(a) Receipt of all FRP materials (“Resins” and reinforce- 
ments), the criteria of acceptance into the works, the 
recording of batch numbers etc. 

(b) Storage of these materials in accordance with YSCS 
Department Technical Note 506. 

(c) Distribution of these Materials to the Shop Floor. 


9.3.4 Moulding Shop Environment 


This procedure should describe in detail how the LR 
Requirements of Technical Note 506 are maintained, particu- 
larly Temperature/Humidity Controls. 


9.3.5 Mould Tools and Equipment - Laminating Process 


This procedure will normally be the longest and should cover 
all the relevant activities described in Appendix G. It may for 
conciseness refer to Standard Work’s Practices, provided these 
are also documented and controlled. 

A typical procedure for the Moulding Shop is shown as 
Appendix J. 


9.3.6 Work Instructions 


This is to list the forms of Work Instructions eg Approved 
Drawings, Data Sheets, Standard Works Practices, Inspection 
Sheets and Checklists. It is also to indicate how these instruc- 
tions are issued and how it is ensured that the latest revisions 
are available at all necessary locations. 


aah Inspection of Manufacturing Process 


This procedure is to indicate how the inspection and acceptance 
of the product is to be carried out, it will define the inspection 
sheets to be used, who is delegated to carry out these inspections 
and how the result of inspections are recorded. 

If there are not separate procedures it is also to include the 
procedures to be followed on the control of “Non-Conforming 
Material”, “Acceptance of Works Inspectors”, “Final Inspec- 
tion” and “Guidance on carrying out Inspections and 
Acception Criteria”. 

It is essential that inspection sheets covered by this proce- 
dure incorporate all the stages of fabrication being used and 
that these stages are inspected and the results recorded. The 
inspection sheets are always to be reviewed with LR require- 
ments in mind and spaces are left on the inspection sheets for 
endorsement by the attending surveyor at the inspection of the 
Hold Point Stages and the Final Inspection. 


9.3.8 Fitting Out 


This procedure is to define the fitting out shop environment, 
and any special processes and their inspection. If any laminating 
activities are carried out during fitting out (for example the 
bonding in of bulkheads) the controls and environment to be 
used are to be similar to the Moulding Shop and are to be 
reviewed and accepted by the attending surveyor. 


9.3.9 Test and Trials 


This procedure will apply to the controls exercised during 
Testing and Trials and may for brevity refer to Standard Prac- 
tices such as hose testing and the afloat test. The involvement 
of LR’s attending surveyor is to be defined. 


9.3.10 QC Records 


The procedure should list the records to be retained, who 
retains them and for how long. 
These records should include as a minimum: 


(a) LR Approved Drawings and Data Sheets. 

(b) Completed Inspection Sheets. 

(c) Certificates of Conformity for FRP Materials. 
(d) Moulding Shop Temperature/Humidity Records. 
(e) All Non-Conformity Sheets. 


10. AQC SYSTEM FOR A BUILDER 
FABRICATING STEEL OR ALUMINIUM 
ALLOY 


The requirements for a low output builder using steel or 
aluminium alloys as the main fabrication material are similar 
in principle to those for a FRP builder as outlined in Section 9, 
but obviously different procedures are required for the 
handling, environment and working of the different materials. 
The format of the System’s Manual, Statement of Policy, Organ- 
isation and Responsibilities are identical to those recorded in 
Section 9. 


10.1 QC Procedures for a Steel or Aluminium Alloy 
Small Craft Fabricator 


The procedures required should cover all the activities shown 
in Figure 2 which it will be noted are very similar to those indi- 
cated in section 9 required for a FRP manufacturer. The 
following subsections, therefore, describe the principal differ- 
ences in the procedural requirements applicable to these types 
of material. 


10.1.1 Drawings and Documentation 


This procedure is to control drawings and any other 
supplementary data related to the quality of the fabrication 
such as material lists, part lists, calculations and weld proce- 
dures. 


10.1.2 Receipt, Storage and Issue of Materials 


The control of the receipt of plate material, extruded sections, 
welding consumables etc, are to be covered by this procedure. 
It is to indicate how the materials are checked and accepted on 
delivery, under what conditions they are stored and how they 
are issued for use. It is important that these materials are iden- 
tifiable to the manufacturer’s Test Certificates and that they are 
not used until this has been verified. 

Welding Consumables should be specifically controlled as 
their storage conditions can be critical to their efficient use. 


10.1.3 Fabrication Environment 


This may not be a separate procedure but might be adequately 
covered in other documented procedures such as Work Instruc- 
tions. There is however, to be controls that ensure that 
fabrication takes place in a suitable environment. The temper- 
ature and humidity are not as critical as for a FRP workshop, 
as fabrications may be for example carried out in an open air 
site, but the environment must be suitable for the fabrication 
processes being used, particularly welding. This may require 
that all welding activities cease when the ambient temperature 
drops below a certain level and that drying or preheating parent 
material is required prior to welding etc. 
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10.1.4 Work Instructions 


The Work Instructions required for welded fabrications are 
obviously different to those for FRP lay ups. The procedure for 
Work Instructions are to list the instructions such as drawings, 
standard practices, weld procedures etc, and describe how they 
are distributed and maintained at the work stations. 


10.1.5 Weld Procedures and Welder Performance 


This may be adequately covered in the procedure for Work 
Instructions, but it is essential to the control of the quality of a 
fabricated structure that the correct weld procedures are used. 
The procedures should be selected for the particular type of 
joint required and be qualified for the base materials welding 
process, welding position and consumables. The welders carry- 
ing out the welding are to be tested to the relevant procedures 
and all the records adequately documented. It should be noted 
that as the material thicknesses associated with yachts and small 
craft are considerably thinner than those used for ships, special 
attention may have to be given in the selection of welding equip- 
ment. 


10.1.6 Records 


It is envisaged that the records retained by this type of builder 
would include, but not necessarily limited to, Manufacturers’ 
Certificates for all plate material, sections and castings, Certifi- 
cates covering all major bought in items that are required to be 
reviewed by LR, Approved Drawings, completed Inspection 
Sheets and Test/Trial Results. The retention period would be 
agreed between the attending Surveyor and the Fabricator. 

Inspection Sheets — From Appendix O it can be seen that 
acceptable Inspection Sheets will obviously list a series of 
inspections that are relevant to the fabrication process and 
installation of equipment but is similar in format to that 
described previously in that each critical stage is inspected and 
accepted following the parameters and acceptance criteria 
given in the complementary checklists. 


11. ACCEPTANCE OF QC SYSTEMS BY LR 


11.1 Initial Acceptance of Systems 


The procedure to be followed to obtain formal acceptance of 
a builder’s Quality Control Systems is in general as follows. 

Initially the builder should contact the attending surveyor 
or the local LR manager who will provide written advice on the 
requirements to be complied with. 

When in possession of the requirements, see Appendix D, 

the builder can check his existing controls for compliance. Any 
short falls or omissions should then be addressed by the builder 
and the resultant draft proposals, together with any existing 
Quality Documentation, submitted formally to the local office 
for review. 
All the builder’s Quality Documentation is then to be reviewed 
by asurveyor who has been appointed or authorised by LRQA 
Department to carry out OA Assessments. Discussions can 
then take place with the builder on any discrepancies found and 
any further considerations required. The local LR Regional 
Manager may at his own discretion offer some form of consul- 
tancy services to a builder who requires assistance in the 
drafting and initial guidance or implementation of the required 
procedures. 

In the case of a large output builder requiring a System as 
described in Section 7 these discussions and consultations can 
be lengthy and protracted. In both the cases augmented to date 


in the United Kingdom extensive assistance was given to the 
builders concerned to identify the controls required, draft the 
procedures and assist in their implementation. 

When all the controls are apparently covered by docu- 
mented procedures and any new procedures are reported to be 
in operation, the local Manager will arrange for the builders to 
be audited by a suitably QA trained surveyor. This audit is to 
determine if the Quality Procedures are being followed by visit- 
ing all the sections of the builder’s works systematically to check 
the quality activities against the relevant procedures and ensure 
that the required records are being retained. 

Any discrepancies found during the audit are to be reported 
to the builder. The corrective actions are then to be agreed and 
their implementation verified. 

Copies of all Quality Documentation should also be 
forwarded to Quality Assurance Department Croydon for the 
perusal and comments. OA Department will consult with YSCS 
Department London as required. 

When all omissions, discrepancies and comments have been 
attended to and verified to the satisfaction of the local Manager 
he will advise the builder in writing of the acceptability of his 
Quality Control Systems and the scope of his acceptance. 


11.2 Maintenance of Acceptance of Approval 


The maintenance of the builder’s Quality Control Systems is in 
all cases to be continuously gauged by system monitoring and 
periodical audits. The degree of the system auditing will depend 
on the size of the builder and complexity of the controls intro- 
duced. In all cases the builder’s Quality Control Procedures and 
Practices are to be reviewed by a QA trained surveyor at least 
once every three years. It is proposed to define the monitoring 
and auditing techniques for the three different options of Qual- 
ity System available to the builder as follows: 


11.2.1. Monitoring a Builder having an Accredited QA 
Scheme to a National Standard 


The Quality Standard will require the builder to carry out a 
scheduled programme of internal audits and have periodical 
management reviews. The attending surveyor should request 
that results of these audits on subjects affecting certification be 
made available for his perusal. He should then assure himself 
that the necessary corrective actions have been implemented 
and verify this by direct inspection. In addition to this involve- 
ment he should conduct a series of checks on a rotational basis. 
This can be achieved by drawing up a simple audit plan similar 
to that shown in Figure 15 and carrying out checks whilst in 
attendance for routine product inspection activities. 
Appendix F is a guide to how these minimum audits should be 
carried out, for FRP Moulding and Fitting Out Shops. The 
checks are written in question form to serve as “memory jogs” 
and to allow for comment or endorsement when they have been 
carried out. Satisfactory results can be indicated by a simple 
endorsement by the side of the relevant question, but any 
discrepancies should be noted and brought to the attention of 
those responsible. A corrective action for any major discrep- 
ancies should be agreed and its implementation in accordance 
with the builder’s procedure for non-conforming material if 
applicable, checked at the next visit. 

Serious discrepancies should be dealt with immediately and 
the attending surveyor should if necessary make a special visit 
to verify the corrective action. 

If at any time the attending surveyor considers that there is 
a total breakdown in one or a number of the procedures detailed 
in the builder’s Quality System Manual and he feels that super- 
vision of the corrective action is beyond his experience, he 
should advise his local manager who will arrange for consulta- 
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tion with or attendance by a trained Quality Assurance 
Surveyor. 

If there is any doubt that as to whether the boats being built 
meet the requirements of LR the builder should be advised in 
writing and no further certification will be issued until the 
necessary corrections have been made and verified. The attend- 
ing surveyor is always to ensure that LR’s legal position is not 
comprised by a breakdown in quality control. 


11.2.2. Monitoring a Builder having LR QA Scheme for 
Yacht and Small Craft 


The recently introduced Scheme defines in Part 2 how 
monitoring is carried out and it is not proposed to repeat it here, 
suffice to say that it is similar to that described in 11.2.1 in that 
surveys are carried out by a combination of system monitoring 
and direct inspection. 


11.2.3 
System 


Monitoring a Builder having a locally approved QC 


The monitoring activities of these systems have been defined 
in the procedural requirements of Section 8, paragraphs 8.4.3 
to 8.4.6 and are in general as follows: 


11.2.3.1 Monitoring inspections carried out by the builder’s 
Inspection Personnel - this requires the attending surveyor to 
randomly recheck the inspections made by the Shop Inspectors. 


11.2.3.2, Monitoring of Workshop Conditions and Practices - 
for FRP manufacture the questionnaire Appendix F could be 
used on (for example) a monthly basis, similar checklists for 
aluminium or steel boat builders could be drawn up substituting 
the moulding activities with fabrication process quality param- 
eters. 


12. CONCLUSIONS 


The manufacturers of yachts and small craft use processes such 
as FRP laminating where it is impossible for the attending 
surveyor to verify every stage of the manufacturing process. LR 
has, therefore, been considering for sometime the basis of 
which these craft have been certified and have now, from their 
own experience of quality and the general trend towards “prod- 
uct liability”, decreed that all builders are to have a documented 
QC System. 

Such quality systems will depend on the size and production 
output of the builder concerned as well as the construction 
material involved. 

The implementation of the OC Control Systems will initially 
require some additional time and effort both by the manufac- 
turer and LR but the results will lead to cost saving in that they 
can reduce re work and material rejection. The confidence in 
the product is also enhanced by having adequate quality related 
records. 

The implementation also requires a commitment from the 
builder towards quality, the concept that quality outweighs 
production must be held by all levels of management and super- 
visory staff. 

Many large output builders already have some form of Qual- 
ity System, in operation at their works so that, LR need only 
ascertain that they cover the necessary controls and are 
adequately documented. In such cases the commitment to qual- 
ity may already exist and the transition to an acceptable system 
will be relatively easily obtained. However, some builders 
particularly those having a small output will not have 


@ 


adequately documented procedures and they may not have the 
expertise to draft and implement the controls required and, 
therefore, LR will be able to give initial guidance and consul- 
tancy service to such builders if required. 

Other builders may not have the necessary controls and may 
not have the commitment to introduce them, in which case LR 
will have no alternative but to decline to survey and certify their 
products. 

The recently introduced certification requirements will lead 
to a generally increased standard of quality in the yacht and 
small craft industry and will enhance the reputation of the 
builders who build under LR’s Classification or Certification 
Schemes. 
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APPENDIX A 
HULL CONSTRUCTION CERTIFICATE HCC (PC) 


Office 


Certificate No. 


Moulded / Built by Works No. 


Material 


Date of moulding (if applicable) 


Type 
Completed by Yard No. 
Date of first inspection final inspection 


Total Number of inspections 


This is to certify that the hull, particulars of which are given above, has been constructed under the Builder's 
agreed quality control system, which was monitored during the Surveyor's periodical visits and from the 
final inspection, the hull has been completed to the Surveyor's satisfaction. 


Hose testing or equivalent of all essential closing appliances and deck fittings has/has not* been carried out 
by the Builder. The results were satisfactorily /were not* witnessed by the Surveyor. 


An afloat test has/has not* been carried out by the Builder. The results were satisfactorily /were not* 
witnessed by the Surveyor. 


Date of issue 
Surveyor to Lloyd's Register 


NB: This is not a certificate of classification, nor does it imply any guarantee by Lloyd's Register against 
latent defects which may subsequently be discovered. 


* Delete as applicable 


Notice - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1121 (01/90) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 
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APPENDIX B 
HULL CONSTRUCTION CERTIFICATE HCC (SC) 


HULL CONSTRUCTION CERTIFICATE (SC) 
Yacht & Small Craft Services 


a 


Office 
Certificate No. 


Moulded /Built by Works No. 


Material 


Date of moulding (if applicable) 


Type 
Completed by Yard No. 
Date of first inspection final inspection 


Total Number of inspections 


This is to certify that the hull, particulars of which are given above, has been constructed under the Builder's 
agreed quality control system, which was monitored during the Surveyor's periodical visits and from the 
final inspection, the hull has been completed to the Surveyor's satisfaction. 


Hose testing or equivalent of all essential closing appliances and deck fittings has/has not* been carried out 
by the Builder. The results were satisfactorily / were not* witnessed by the Surveyor. 


An afloat test has/has not* been carried out by the Builder. The results were satisfactorily / were not* 
witnessed by the Surveyor. 


Date of issue 
Surveyor to Lloyd's Register 


NB: This is not a certificate of classification, nor does it imply any guarantee by Lloyd's Register against 
latent defects which may subsequently be discovered. 


* Delete as applicable 


Notice - This certificate is subject to the terms and conditions overleaf, which form part of this certificate 


FORM 1644 (01/90) Lloyd’s Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


APPENDIX C 
FIBRE REINFORCED PLASTIC HULL MOULDING NOTE 


FIBRE REINFORCED PLASTICS (FRP) 
HULL MOULDING NOTE 


Date of Last Inspection 


The above moulding has been constructed under the Moulder's quality control system which was sighted and checked 
during the LR Surveyor's periodical surveys. The moulding in respect of the hull items as indicated below, was completed 
by the dates recorded. This Note is a statement that the completed items are acceptable to the LR Surveyor at the time of 


the final inspection. 


Side Longitudinal Frames 


io een Bottom Longitudinal Frames 


Total number of inspections 


Bottom /Engine Girders 
Integral Tanks 


Bulkheads 


a 


Note: The strength of the shell laminate is dependent upon internal stiffening being fitted in accordance with the LR approved plans. 


Date of Issue 


Surveyor to Lloyd’s Register 


NOTICE - This moulding note is not a Certificate of Classification, nor does it imply any guarantee by LR against latent defects which 


may subsequently be discovered. It is issued subject to the terms and conditions overleaf which form part of this note. 
FORM 200 (09/90) Lloyd’s Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 
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APPENDIX D 


REQUIREMENTS OF A QUALITY CONTROL SYSTEM AS 
DEFINED BY LR YACHT AND SMALL CRAFT SERVICES DEPARTMENT 
SEPTEMBER 1988 


The Boatyard is to have an established works’ organisation 
defining the respective functions of the management and 
production team and in particular defining the overall and 
detailed responsibilities for quality control and inspection. 


Procedures for the control of quality should, in general, include 
but not necessarily be limited to:- 


CONTROL OF MOULDING SHOP ENVIRONMENT 


- maintaining the cleanliness of the moulding shop 

- temperature and humidity monitoring and recording 

- no operations to be carried out which may be detrimen- 
tal to the laminating process 

- opening and closing of ‘critical’ doors 

- location of mould tools in shop 


CONTROL OF MATERIALS 


- purchase to correct quality and specification 

- identification and inspection when critical on receipt 
- storage conditions 

- storage life control of resin system materials 

- stores issue recording (type, hatch number quantity) 
- handling, cutting and storage of reinforcements 

- resin conditioning to shop temperature 


CARE AND PREPARATION OF MOULD TOOLS, ETC 


- conditioning of moulds prior to use 

- preparation of mould surfaces 

- first piece inspection on mould tooling 

- washing and cleaning of brushes, rollers, etc 

- cleaning and operation of spray equipment 

- verification of measuring and test equipment viz scales, 
measures, gauges etc 

- LR identification marking of hull and deck mouldings 
prior to gel coating. Hull making is to be on the port side 
of the transom in accordance with Yacht Guidance Note 
No 261.2.1. 


LAY-UP PROCESS CONTROL 


resin mixing and handling and gelation time 

gel coat application, gelation and thickness cover 
orientation and over-lapping (jointing) of fibre rein- 
forcements 

laminating sequences, over-lag times and layer phasing 


- wetting out and resin/glass ratios 


laminating practices, wet on wet, heavy reinforcements, 
etc 

air entrapment and possible laminating defects 

lay up logging chart 

inspection and control of laminating 

sample test panels 


INSPECTION OF FRP MOULDINGS ON RELEASE 


internal inspection and authority to release 

release operation for handling, support and avoidance 
of damage 

visual examination of external surface finish 
soundness of laminate by tapping 

thickness checks by ultrasonics/drilling 

edge finishing 

any visible defects (internal and external surfaces) 
repair of acceptable defects 

any weight checks 


e 


APPENDIX E 


TYPICAL STATEMENT OF POLICY 


STATEMENT OF POLICY 


This Company has been manufacturing glass reinforced plastic 
yachts since . We have a world wide market place for 
the yachts we produce and in order to sustain our level of sales 
within this market both now and in the future, this Company 
is committed to supplying a quality product that meets the 
specific requirements of our Customers. 


The quality of the product is considered at the design, manu- 
facture and fitting out stage, and to ensure that the Company’s 
policy on quality is carried out, the Work’s Director has been 
delegated with the necessary authority and responsibility for 
all quality matters. 


YACHTS TO BE CERTIFIED BY 
LLOYD’S REGISTER OF SHIPPING (‘LR’) 


Where yachts are certified by LR the Company is committed 
to a system of quality controls which ensures that each yacht 
meets LR requirements. The Work’s Director is responsible for 
ensuring that there is no occasion where production require- 
ments will take precedence over the quality controls required 
to ensure a yacht meets LR requirements. The quality controls 
are defined in this manual. 


Managing Director 


1.1 
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4.1 


4.2 


APPENDIX F 


TYPICAL PROCEDURE FOR 
SUBMISSION OF DRAWINGS FOR APPROVAL BY LR 


SCOPE 


This procedure describes how drawings will be submitted 
for approval by LR. 


PURPOSE 


To ensure that all drawings required for approval are 
submitted and approved before the series production of a 
particular yacht is commenced. 


RESPONSIBILITIES 


It is the responsibility of the Designer to prepare all main 
build drawings and submit them together with the materi- 
als list to LR local office for approval. 


It is the responsibility of, the Companies, to prepare and 
submit detail drawings to the designer for onward trans- 
mission to LR local office. 


INSTRUCTIONS 


When anew modelis proposed drawings shall be prepared 
and submitted in accordance with LR’s Rules and Regu- 
lations for the Classification of Yachts and Small Craft. 
The full list of details and arrangements to be submitted 
are detailed in Part 2, Chapter 1 of the above Rules. 


Drawings will be prepared in two stages: 


a) Main Construction Drawings 
These are prepared by the designer and submitted by 
him to LR local office. The drawings are returned to 
the designer with a covering approval letter which 
details LR comments which have not been marked in 
red on the drawings. 
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4.3 


4.4 


4.5 


If there are major amendments required by LR the 
drawings are to be resubmitted for approval. If the 
comments are minor, copies of the marked updrawing 
and the approval letter are to be passed to the 
Company. These comments may include the request 
for detail drawings. 


b) Detail Drawings 
Some detail drawings can only be prepared once the 
first mouldings have been produced. 


These are prepared by who is/are responsible for 
ensure LR Rule requirements have been met and that 
the details reflect the actual construction details. 


The Company are to liaise with the attending 
Surveyor in finalising the detail arrangements. 


Detail drawings are then to be submitted to the 
designer who will be responsible for submitting them 
to LR local office. . 


All drawings submitted for approval must contain all the 
information required for the approval by Yacht and Small 
Craft. Lack of such information will lead to unnecessary 
plans, comments and delays. 


The designer is to liaise with the Company Drawing Office 
in order to ensure that all necessary drawings have been 
submitted and approved prior to series production 
commencing. 


In the event of minor amendments to approve drawings. 
These may be agreed with the attending Surveyor without 
resubmission to YSCS via the local LR office. The attend- 
ing Surveyor will advise YSCS by letter. Such amendments 
are to be signed off on the amended drawing by the 
Surveyor. 
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APPENDIX G 


TYPICAL PROCEDURE FOR 
CONTROL OF LR APPROVED DRAWINGS 


SCOPE 

This procedure describes how the Company control LR 
approved drawings in the drawing office and workshops. 
PURPOSE 

To ensure that: 

a) All necessary drawings have been approved. 


A master set of approved drawings is retained in the 
drawing office. 


c) The workshops have been issued with and are 
working to the latest approved drawings. 


EXPLANATION 


The drawing issued to the shop floor must contain the 
LR plan approval comments or the drawing must 
comply with these comments, i.e the shop floor drawing 
may be amended to satisfy the LR comments and the 
amended drawing agreed with the attending Surveyor. 


RESPONSIBILITIES 

It is the responsibility of ( ) to control LR 
approved drawings in the drawing office and to ensure 
the correct issues are issued to the workshops. 

It is the responsibility of ( ) to maintain 
the workshop copies of drawings issued under 4.1 and to 
make sure they are available to those who require to use 
them. 

INSTRUCTIONS 

The Company drawing office maintains a register of all 
LR approved drawings for each model currently being 
constructed. 


The register indicates: 


a) All drawings which require to be approved. 
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b) If the drawing has been approved, the date of 
approval, the issue status, any outstanding 
comments. 


c) Date and reference of the LR approval letter. 
d) Whether the comments have been complied with. 


e) The date of issue to shop floor for a particular 
drawing issue status and who has how many copies. 


The drawing office retains one master set of drawings 
listed in the register. Further copies of drawings for 
workshops are obtained from the designer, or produced 
by the drawing office. Under no circumstances should 
the master drawings be released to the workshops. 


Drawings are issued to the shop floor by means of a 
transmittal slip which the recipient signs and returns to 
acknowledge receipt. 


In the event of an updated/amended drawing being 
issued to the workshops, the recipient shall return the 
superseded drawing to the drawing office who will 
ensure all superseded copies are returned. These shall 
then be destroyed with the exception of the superseded 
master copy which will be clearly marked “superseded”, 
removed from the file of current drawings, and retained 
elsewhere for future reference. 


The in the workshops shall maintain copies of the 
approved drawings transmitted to him. Under no 
circumstances are these copies to be altered, amended or 
otherwise endorsed without the amendments being 
reviewed and endorsed by the attending Surveyor. The 
drawing should then be returned to the drawing office so 
that the proposed alterations may be made to the master 
copy. Where these changes affect the strength of the 
vessel the designer should be informed and _ his 
agreement sought. This allows for the drawing to be 
resubmitted to LR for anything more than minor 
amendments. 


At appropriate intervals the respective Quality Manager 
and Senior Draughtsman will monitor the workshop 
copies of approved drawings to ascertain that they are 
being maintained in a satisfactory condition, adequately 
filed and are the correct issue status. 
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APPENDIX H 


TYPICAL PROCEDURE FOR WORK INSTRUCTIONS 
PROCEDURE FOR WORK INSTRUCTIONS 


SCOPE 


This procedure describes how specific work instructions 
relating to the construction and out-fitting of yachts are 
communicated to personnel. 


PURPOSE 

To ensure that all employees have access to clear instruc- 
tions which enable them to build the moulding or yacht to 
LR requirements. 

RESPONSIBILITIES 

It is the responsibility of the Drawing Office to produce 
and/or supply drawings to the shop floor which clearly indi- 
cate the methods of construction to be used. 

It is the responsibility of the Supervisors to ensure all 
personnel clearly understand and adhere to the method 
and type of construction detailed in working instructions. 
INSTRUCTIONS 

Work instructions are in four forms: 

(a) The main construction and details drawings. Issued 


by the Drawing Office for each particular model. 
These are to have been approved by LR. 
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(b) The Operations No Sheets that give the sequential 
operations required to be carried out in the produc- 
tion of mouldings. These Instructions are drawn up 
by the Shop Supervisors in full co-operation the Qual- 
ity Inspector and issued to Shop Floor personnel by 
the Supervisors. 


(c) Detailed Instructions to be issued to Operators in 
order that they are fully aware of how specific oper- 
ations are to be carried out. These Instructions are 
drawn up by the Shop Supervisors in full co-operation 
with the Quality Inspector and attending Surveyor. 


(d) Checklists 
These are specific Instructions drawn up by the Qual- 


ity Surveyor in full co-operation with the attending 
Surveyor - see separate Procedure. 


4.2 All work instructions shall be placed in such a position as 


to be clearly visible and accessible to necessary personnel. 
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APPENDIX I 


CHECK LIST - MONITORING WORKSHOP CONDITIONS 
AND PRACTICES (FRP BUILDERS) 


ITEMS TO BE CHECKED 


WORKSHOP CONDITIONS 

Are humidity and temperature records being maintained correctly. 
Is humidity being kept below correction limits. 

Ventilation arrangements. 

Are shops free from water leaks in bad weather. 

Are doors being kept closed as far as possible to prevent draughts. 
Are moulding areas being kept clean and free from dirt, 1.e. floor cover- 
ings being changed, cut off mat, being cleared, no accumulation of 


dirty mixing buckets, old resin drums removed. 


Is there any dust risk from cutting or grinding of laminates when 
moulding work is in progress?. 


Lighting arrangements. 

RESIN HANDLING ARRANGEMENTS 

Are resin deliveries and batch numbers being recorded on receipt. 
Are resin storage and distribution arrangements satisfactory. 


Are resins and gelcoats supplied in drums being stored and used in 
date sequence. 


Are there any drums in stores or workshops which have exceeded “use 
by” date. 


Catalysts and accelerators stored separately. 
Are resins being stored indoors. 


Check tank Resin Batch No against that being recorded on Inspection 
Sheets. 


Percentage of catalyst as per chart. 

Is length of mixing adequate and by power. 

Are mixing areas clean. 

Are clean buckets being used for each mix?. 
REINFORCEMENT HANDLING ARRANGEMENTS 
Storage areas clean and dry. 

Reinforcements being used in date of sequence. 


Material stored off ground and away from outside walls and as per 
manufacturers’ recommendations. 


Is material being checked for flaws. 


Cutting area clean and free from accumulating dirt. 


REMARKS - SATISFACTORY/UNSATISFACTORY 


ITEMS TO BE CHECKED 
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3.8 


6.10 


6.12 


6.14 


Cutting surface sound. 
Check sample cutting lists against approved drawing. 


Check boxes of cut matting are correctly marked and mats are of 
correct weight (sample). 


OTHER MATERIALS 

Are all materials used listed on materials’ data sheet. 
Check storage and issue of core materials, plywood, etc. 
MOULD PREPARATION 

Check structure of moulds in use. 

Structural damage and surface defects. 

Any moulds in need of repair or replacement. 

Moulds acclimatised to shop temperature before use. 
Joints correctly aligned and effectively sealed. 

Correct release agent used, and polished-off if wax. 


LR identification for hull being applied correctly to upper port side of 
transom. 


MOULDED PROCESS 
Gelcoats being applied correctly thickness gauges used. 
No heavy or thin areas of gelcoat. 


Moulders not w alking on laminate-in-process until permitted and 
using correct footwear. 


Standard drawings available. 
Approved drawings available to moulders. 


Are approved drawings being correctly controlled and free from unau- 
thorised alterations. 


Check sample lay ups against approved drawings. 

Check inspection sheets being filled in correctly. 

Check identity of mouldings to inspection sheets. 

All hull, deck and other mouldings identified. 

Observe moulding teams for adherence to good practice. 
Check sample lay-ups of laminates and stiffening etc: 

a) Check sample repairs for correct method. 


b) Are they in accordance with Standard Drawings and LR acceptable 
practice. 


Check sample repairs for correct method. 


NCR sheets being used for repairs. 


REMARKS - SATISFACTORY/UNSATISFACTORY 


. 


ITEMS TO BE CHECKED REMARKS - SATISFACTORY/UNSATISFACTORY 


6.15 Moulding tools being cleaned. 

7. BOAT ASSEMBLY 

7.1 Boats adequately cradled. 

7.2. Work instructions available to assemblers. 


7.3. Check inspection sheets for assembled on board correspond to 
numbers on mouldings. 


7.4 Check sample fitting and bonding of bulkheads, engine beds, deck ete. 
7.5 Bonding surfaces being prepared correctly. 

7.6 Check mouldings not being placed outside before 7 days. 

7.7 Check mouldings stored outside are protected against rain. 

7.8 Check mouldings are adequately cured before despatch. 


7.9. Check yachts to be despatched are adequately supported and 
protected. 


7.10 Check paperwork complete. 

8. BOAT FITTING OUT 

8.1 Check instructions available for boat. 

8.2 Check standard drawings available in appropriate locations. 

8.3. Check approved drawings available. 

8.4 Are drawings under control and free from unauthorised amendments. 


8.5 Check inspection sheets being completed corrected and checklists 
available. 


8.6 Are only trained moulders carrying FRP work. 
8.7 Are all FRP surfaces being adequately prepared. 


8.8 Check correct methods in use for fitting keels, shafts brackets, chain 
plates etc. 


8.9 Check correct rudder inspection sheet in documentation package. 
8.10 Check drawings being adhered to. 

8.11 Are there any bad practices. 

8.12 Are all closing appliances and deck fittings being hose tested correctly. 
8.13 Is the 24 hour afloat test being carried out correctly. 


8.14 Check that final inspection procedure is being followed prior to 
despatch. 


8.15 Check LR H.C.C. plaques being adequately controlled, issued and 
fitted. Check number against sample hulls. 


8.16 Check only approved inspectors signing inspection sheets. 
8.17 Check atmospheric conditions in fitting ship. Are these suitable for 


moulding activities. 
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APPENDIX J 


TYPICAL PROCEDURE FOR MOULDING SHOP 
PROCEDURE FOR: MOULDING SHOPS (LAMINATING) 


SCOPE 


This procedure describes the Standard Practices to be 
applied in the Moulding Shops. 


RESPONSIBILITIES 


It is the responsibility of the Shop Supervisors to ensure 
the requirements of this Procedure are implemented. 


INSTRUCTIONS 
Workshop Conditions 


3.1.1 Cleanliness. It is the responsibility of all moulders 
to ensure their working area is free from accumula- 
tions of foreign matter which may be transferred to 
the moulding surfaces. Plastic Sheets are laid on the 
shop floors beneath mouldings and are changed at 
regular intervals. Cutting of mouldings by saws and/or 
grinders is only permitted in the designated assembly 
areas to avoid the spreading of dust to moulding 
surfaces. 


3.1.2 Humidity/Temperature Control. The permitted 
humidity and temperature ranges within which lami- 
nating is allowed are as follows: 


Temperature minimum 65°F maximum 75°F 
Humidity maximum 70% 


Should the workshop atmosphere move outside these 
limits, action must be taken to resolve the situation. 
Should the conditions continue to deteriorate, mould- 
ing must cease when the following limits are reached: 


Temperature minimum 60°F maximum 80°F 
Humidity maximum 80%. 


Temperature and Humidity gauges are provided in 
each moulding shop. It is the responsibility of the Shop 
Supervisors to ensure that the Temperature/Humidity 
Instrumentation Charts are changed as required, to 
monitor temperature/humidity at least twice per day 
and to ensure that the instrumentation is calibrated. 


Humidity/Temperature Charts are to be retained by 
the Quality Engineer for a period of 7 years and are 
to be made available to the LR attending Surveyor. 


3.2 Laminate Curing 


No hull, deck or interior mouldings are to be taken outside 
the moulding shop environment until seven days have 
elapsed from commencement of main lay up or, until the 
final internal layers have reached a hardness of not less 
than 70% of the Barcol hardness value of the cured resin, 
or that recommended by the resin manufacturer. If hull or 
deck mouldings have to be moved outside before assembly, 
they must be protected against precipitation on the lami- 
nate face by the use of tarpaulins. 


Resins 

Resins are stored in tanks and fed into intermediate 40 
gallon drums where pigment and accelerator are added as 
per the Resin Bay Work Instructions. 


The Resins are drawn off from the 40 gallon drums into 
containers where the measured amount of catalyst is added 
as per the Resin Bay Work Instructions. 
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3.6 


The Resin Quantity Sheet is to be issued by the Moulding 
Shop Supervisors and completed by the Resin Bay Atten- 
dant. The Resin Bay Attendant is to record the weight of 
resin used against each job on the respective Quantity 
Sheet and the Shop Supervisor is to record the total 
amount on the “Material List Documentation Print”. 


The Shop Supervisor is to record the type of Rein and 
Batch No on the relevant Inspection Sheet. 


Resins are to be issued to the shop floor on request by the 
Resin Bay Attendant. 


Reinforcement Materials 

It is the responsibility of the Monitoring Shop Supervisors 
to ensure that the Cutting Lists made from approved draw- 
ings issued by the Drawing Office are correctly 
dimensioned by measurement from the relevant mould 
tool. 


Materials are to be kept in rolls in the Cutting Room, 
suitably identified. 


The specified materials are to be cut by the “mat cutter” 
to the appropriate cutting list, identified and palleted. The 
Moulder is then issued with the materials used by the 
Supervisor, the moulder placing the material in order adja- 
cent to the Mould Tool on plastic sheets ready for use. 


After cutting any waste or offcut material is to be placed 
directly into scrap receptacles or into the labelled contain- 
ers for further use. 


Moulding 

A moulding is to be identified by the Mould Shop Super- 
visor on receipt of a Works Job Card and an LR Control 
Number recorded against the Works Number. 


The Control Number is placed on the mould so that it is 
embossed on the upper port side of the transom of the 
moulding and also onto the test sample. 


Mould Tools 

The frequency of use of the Mould Tools is to be recorded 
in the Mould Shop Workshop Journal by the Shop Super- 
visors. Inspection of mould tools prior to use is to be carried 
out in accordance with the relevant check list and recorded 
on the Inspection Sheet. 


GENERAL GUIDANCE OF MOULDING SHOP 
CONDITIONS AND PRACTICE 


The workshop conditions, facilities and practice should at 
all times meet the requirements of Lloyd’s Register and 
the initial acceptance of premises is by means of a written 
report which is reviewed by LR YSCS. 

The Moulding Shop Supervisor should ensure that the 
necessary Work Instructions are available to all the Mould- 
ing Shop Personnel. 


Change in practices should be brought to the attention of 
the attending Surveyor who also monitors the premises to 
ensure that they still remain suitable for the manufacture 
of yachts to be certified by LR. 


APPENDIX K 


TYPICAL PROCEDURE FOR INSPECTION SHEETS 


Ll. “SCORE 


1.1 This procedure describes how the Company’s Inspection 
Sheets are complied, issued and used during stage inspec- 
tions. 


2. PURPOSE 


2.1 To provide documented evidence of all inspections carried 
out. 


2.2 To ensure that all inspections required by LR for the issue 
of their Hull Construction Certificate have been carried 
out and found acceptable to their requirements. 


3. RESPONSIBILITIES 
3.1 


It is the responsibility of to compile the Inspection Sheets 
in full co-operation with the attending Surveyor. 


3.2 It is the responsibility of the Quality Manager to issue 
copies of Inspection Sheets to the relevant department and 
ensure they are working to the latest issue. 


3.3 Itis the responsibility of the Supervisor/Inspector to carry 
out all the inspections detailed on the Inspection Sheet. 


3.4 It is the responsibility of the LR Surveyor to monitor the 
Supervisors’ inspections by carrying out spot checks. 


4. INSTRUCTIONS 
4.1. Compilation 


4.1.1 Inspection Sheets are compiled in co-operation with 
the attending Surveyor who ensures that: 


a) All items listed on the LR FRP Hull Moulding 
Note are detailed in the Inspection Sheets as 
separate sections. 


b) All sections are sub-divided to detail essential 
areas to be checked. 


c) Each Inspection Sheet contains sufficient infor- 
mation to allow traceability of materials, 
traceability of the sheet to a particular moulding 
or yacht. 


4.1.2 When a new Inspection Sheet has been compiled, a 
copy will be endorsed by the Surveyor and a member 
of the Companies Management and placed in the 
Master Copy of the Manual. 


4.1.3 No copy of an Inspection Sheet shall be amended 
and re-issued without the authorisation detailed 
in 4.1.2. 
4.2 Issue 


The Quality Manager will ensure that the latest issue of 


iss) 
nN 


4.3 


4.4 


the Inspection Sheets is issued to the shop floor, and that 
superseded copies have been destroyed. 


Approval of Supervisors/Inspectors 


As the Supervisors/Inspectors will now be carrying out 
inspections to LR requirements, only those persons 
considered acceptable to the attending Surveyor as having 
sufficient experience and knowledge of LR requirements, 
shall be permitted to carry out inspections on yacht which 
will be issued with an LR Certificate. 


Use of Inspection Sheets (Moulding Shop) 


4.4.1 There are separate Inspection Sheets for the 
following: 


Hull Manufacture 
Deck Moulding 
Traymould Manufacture 
Rudder Manufacture 
Boat Assembly 
4.4.2 Prior to carrying out any inspection activity listed on 
the Inspection Sheets, the Supervisor/Inspector 
shall ensure he is fully aware of the requirements 
laid down in the deck list for that inspection. 


Each inspection activity on an Inspection Sheet is 
cross referenced to a set of requirements on the 
respective Checklist. 


4.4.3 On commencement of moulding the Supervisor 
selects the appropriate Inspection Sheet and 
completes the general information section at the top 
of the sheet. This includes the unique moulding 
number which links the paperwork in that moulding. 
In the moulding shop all Inspection Sheets for a 
particular yacht are held on a clipboard in the Super- 
visor’s Office. 


4.4.4 Following a request for inspection the Supervisor 
will carry out his inspection making use of the 
following items, all of which should be readily 
available: 


a) LR Approved Drawings 

b) Approved Checklists 

c) Standard procedure drawings (on displays) 
d) His experience and training 

e) Any referenced workmanship standards. 


4.4.5 In the event of items being found unsatisfactory in 
accordance with a),b),c),d) and e) above the Super- 
visor shall not sign off the activity until all 
rectification work has been satisfactorily completed 
and reinspected. In the event of a major defect (see 
Procedure No ), a non conformity report will be 
raised by the Supervisor. When the item is rein- 
spected and found satisfactory, the number of the 
non conformity report shall be referenced against 


that inspection activity on the sheet. A copy of the 
report will be attached to the Inspection Sheet for 
reference by the attending Surveyor and will form 
part of the permanent records for the yacht. 


4.4.6 When an item is found satisfactory the Supervisor 


signs the activity off with the date and his initials. 


4.4.7 The final acceptance section of any Inspection Sheet 


should not be signed off until all preceding activities 
have been satisfactorily carried out and signed off 
by the Supervisor. 


4.4.8 Asaparticular moulding is added toa hull the Super- 


visor will add the LR number to the completed 
Inspection Sheet for that item and ensure it is 
attached to the other Inspection Sheets for that 
yacht. 


In the case of rudders, the hull to which a particular 
rudder is fitted will not be known until allocated at 
the fitting out department; where the hull/LR No 
will be added to the rudder sheet and the sheet 
placed with the documentation for that boat. 


4.4.9 Oncompletion of all activities at the Moulding Shop 


and prior to despatch to the Fitting Out Department, 
the Supervisor shall check: 


a) That all Inspection Sheets have been completed 
and the final acceptance section on each sheet 
has been signed off by a Supervisor. 


b) That any outstanding minor blemishes to be 
rectified at the Fitting Out Department, are 
clearly marked with a Chinagraph pencil and 
listed on the Gelcoat repairs sheet. In this case 
the relevant box on the Boat Assembly Inspec- 
tion Sheet is completed to indicate the yacht has 
not finally been passed and that there are repairs 
to carry out. The final clearance box will not be 
signed off until all repairs have been passed off 
at a Fitting Out by a Supervisor/Inspector from 
the Moulding Shop. 


c) That all documents relating to that yacht are sent 
to Fitting Out Department Quality Manager. 


4.5 Use of Inspection Sheets (Fitting Out) 


4.5.1 There are many Inspection Sheets covering the 


Activities during fitting out, however, only certain 
of these activities relate to items on the LR Hull 
Moulding Note. Items on the fitting out Inspection 
Sheets which require to be inspected and found 
acceptable to LR requirements are specifically 
expanded on the Sheets to clearly indicate what LR 
require to be seen for the issue of an LR Hull 
Construction Certificate. 


4.5.2 All Inspection Sheets are placed in a hard backed 


folder which remains on board the yacht during 
fitting out. 


4.5.3 The Supervisor/Inspector shall carry out inspections 


and complete the Inspection Sheets as indicated in 
4.4.4 to 4.4.8 above. 
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4.5.4 When a rudder is fitted to a particular yacht, the 


Rudder Manufacture Inspection Sheet relating to 
that rudder will be placed in the Inspection Sheet 
wallet on board the yacht. 


4.5.5 On completion of all fitting out inspection and test 


activities the completed wallet will be reviewed by 
the Supervisor to ensure all sections of the sheets 
have been completed correctly. The wallet will then 
be passed to the Quality Department for review 
before presenting to the Surveyor. 


See separate procedure. 


4.6 LR monitoring of Inspections 


4.6.1 In order to satisfy himself that inspections carried out 


by Supervisors/Inspectors continue to meet LR 
requirements the attending Surveyor will carry out 
spot checks on inspection activities which have been 
signed off by the Supervisors on the Inspection Sheets. 


4.6.2 The Surveyor shall carry out his spot check inspec- 


tion and if he is entirely satisfied with the standard 
of work and inspection he shall initial and date the 
appropriate LR box on the Inspection Sheet. 


4.6.3 Should the Surveyor find that the required standard 


has not been achieved, he shall carry out further 
inspections to confirm whether the problem is 
isolated or widespread. In the case of minor prob- 
lems he shall discuss the matter with the Supervisor 
concerned and agree any action required. 


In the event of more serious problems the matter 
shall be raised with the appropriate manager includ- 
ing the Quality Manager and appropriate action 
required to resolve the situation shall be agreed. If 
necessary the Surveyor shall write to the Company 
(copy to LR Outport Manager) advising them of the 
problem and requesting immediate action. 


The Surveyor should record all details in his journal 
and increase his monitoring until he is resolved. If 
considered necessary the Surveyor shall reinspect 
yachts or mouldings inspected prior to the problem 
being found, in order to satisfy himself that all yachts 
may be issued with a Hull Construction Certificate. 


Any additional time taken by the Surveyor to carry 
out increased inspection shall be recorded in his 
journal against a unique control number allocated 
annually specifically for this purpose. This time will 
be charged to the Company on a monthly basis. 


4.6.4 The number of spot checks carried out entirely at 


the discretion of the attending Surveyor in order to 
satisfy himself that LR requirements are being met. 


4.6.5 When an Inspection Sheet has been completely 


signed off by the Supervisor, the Surveyor shall 
check the sheet and if satisfied initial and date the 
LR final acceptance box. This may be done at any 
stage, up to and including the final review of all docu- 
mentation for a yacht, but no final acceptance box 
shall be signed off on an Inspection Sheet unless all 
inspections have been signed off by the Company's 
inspection personnel. 
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3.4 


4.1 


APPENDIX L 


TYPICAL PROCEDURE FOR CHECKLIST 


SCOPE 


This procedure describes how the Company Checklists are 
complied, issued and used. 


PURPOSE 


To inform the Supervisor/Inspector of what he should be 
looking for when carrying out an inspection detailed on an 
Inspection Sheet. Where possible, acceptance criteria are 
defined or referenced. 


To ensure all inspects meet LR’s minimum requirements 
(whether carried out by the Supervisor or the Surveyor) 
in respect of what is to be checked and what is finally 
acceptable to the Surveyor. This is achieved through the 
checklist. 


To provide any special instructions or information to assist 
the inspector in his task. 


RESPONSIBILITY 


It is responsibility of ( ) to compile the 
checklists in full co-operation with the attending Surveyor. 


It is responsibility of the ( ) to issue 
copies of the checklists to the supervisors and ensure they 
are working to the latest issue. 


It is the responsibility of the Supervisor/Inspector to 
ensure he fully understands and applied the details on the 
checklist. 


It is the responsibility of the attending Surveyors to ensure 
that the checklist requirements meet LR requirements. 


INSTRUCTIONS 
Compilation 


4.1.1 Checklists are compiled in co-operation with the 
attending Surveyor who ensures that its contents 
meet LR’s minimum requirements. On completion 
the checklist will be authorised by the attending 
Surveyor and a senior member of management. 

4.1.2 No checklist shall be amended and reissued unless 

the changes have been authorised as in 4.1.1 above. 

4.1.3 A master copy of the checklist will be held in the 

Master Manual held by the Quality Manager. 


4.2 


4.4 


Issue 


4.2.1 A log will be kept by the Quality Manger of all 
persons requiring copies of the Checklist. The log 
will record the date the Checklists were issued to the 
shop floor. 


In the event that a Checklist is amended the new 
issue status shall be entered in the log as above. It 
will be the responsibility of the Quality Manager to 
ensure that supervisors are in receipt of an and work- 
ing to the latest issue of the Checklists and that all 
superseded copies have been destroyed except 
where in use and partially completed. 


Use of Checklists 
4.3.1 The following Checklists are available: 


Moulding Checklist 

Boat Assembly Checklist (moulding shop) 

Fitting-out Checklist 
4.3.2 Prior to carrying out any inspection activity listed on 
the Inspection Sheets, the Supervisor/Inspector 
shall ensure he is fully aware of the requirements 
laid down in the Checklist for that inspection. 
4.3.3 Should the Supervisor/Inspector feel that the 
requirements are ambiguous or require clarification 
he shall clarify the requirements with the attending 
Surveyor. 
4.3.4 A copy of each Checklist will accompany each set 
of completed Inspection Sheets, thereby forming a 
permanent record of what was carried out. 


Amendments of Checklists 


4.4.1 Should the Company or the Surveyor feel that the 
requirements laid down in the Checklists need to be 
changed for the purpose of clarification, change in 
LR requirements, as a result of customer complaints 
etc. Then the proposed change shall be agreed and 
authorised as detailed in 4.1.1. above. 

4.4.2 When a Checklist has been amended it shall be 

redated and given a new issue status. A duly autho- 

rised copy of the Checklist shall be entered in the 

Master Manual and the superseded copy removed, 

marked superseded and filed for reference. 


PAL 
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4.1 


APPENDIX M 


TYPICAL PROCEDURE FOR 
QA PROCEDURES RELATING TO LR CERTIFIED YACHTS 


SCOPE 

This procedure describes how documentation relating to 
each yacht certified by LR will be compiled, reviewed and 
retained. 

PURPOSE 

To ensure that all documentation which demonstrates the 


achievement of LR requirements is available for reference 
in the event of future enquiries. 


RESPONSIBILITIES 

( ) is responsible for compiling, check- 
ing and storing the documentation covered by this 
procedure. 

INSTRUCTIONS 


The following records are to be retained for reference for 
a period of years. 


a) Certification relating to resins, gelcoats, catalysts. 


b) Stores records indicating the dates on which certain 


resin batches were in use. 
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4.4 


c) Moulding shop temperature and humidity records. 
d) Inspection Sheets for each yacht together with any 
non conformity reports raised. 


e) Any certification relating to other purchased items 
covered by the LR H.C.C. 


Inspection Sheets are completed in accordance with Proce- 
dure No and accompany the moulding or yacht. Non 
Conformity reports are attached and referenced on the 
appropriate Inspection Sheet. By the end of fitting out all 
the sections of all the Inspection Sheets should have 
completed by the Company Supervisor/Inspector. 


During final inspection at fitting out the Supervisor will 
satisfy himself that all inspections have been carried out 
by reviewing the Inspection Sheets accompanying the 
yacht. When he is satisfied everything is satisfactory he 
passes the documentation package to for review prior to 
presenting to the Surveyor for final inspection. 


When the Surveyor has reviewed and endorsed the docu- 
mentation, the package is filed by reference to the yard 
number. A list is retained for yard numbers against LR 
numbers, for reference purposes. 


4.1 


APPENDIX N 


TYPICAL PROCEDURE FOR TRAINING 


SCOPE 


This Procedure describes how the company ensures 
personnel are adequately trained for the work they are 
performing. 


PURPOSE 


All personnel working on parts of the yacht covered by the 
LR H.C.C. must have reached sufficient level of compe- 
tency to ensure the desired LR standard is met. 


This procedure describes how employees are trained to 
ensure these standards are met. 


RESPONSIBILITIES 


The ( ) is responsible for overall train- 
ing policy within the Company. He is also responsible for 
retaining training, experience and qualification records for 
each employee. 


The Company training school Supervisor is responsible for 
training of all moulding personnel passing through the 
school. 


The Shop Manager or Heads of Department are respon- 
sible for ascertaining training needs of all employees 
within their department and ensuring that only personnel 
with an adequate level of training or experience are used 
on Yachts building to LR certification. 


INSTRUCTIONS 
General 


4.1.1 The requirements of this procedure apply to the 
following activities: 


Moulding Laminating 

Boat Assembly 

Fitting Out 

Drawing Office 

Inspection (see Procedure for Approval of 

Supervisors/Inspectors 
4.1.2 The suitability of a person to carry out work on LR 
yachts in the above activities, is dependent some or 
all of the following: 


a) Qualifications 
b) Previous job experience 
c) Training 


Should the supervisors find that the people assigned 
to tasks detailed in this procedure are unsuitable for 
the nature of the work they are to carry out then the 
Shop Manager is to be advised so that he may take 
the appropriate action. Should the matter still not 


be satisfactorily resolved then the Quality Manager 
is to be advised that there is a possible hazard to the 
quality of the boat. The Quality Manager may refer 
the matter to the Work’s Director. 


4.2 Laminators (Moulding Shops and Boat Assembly) 


4.2.1 The requirements of this section apply to all person- 
nel involved in laminating glass reinforced plastic in 
the moulding shops, boat assembly areas. 

4.2.2 The laminator is manufacturing the GRP material 

during the lay up process, and accordingly the qual- 

ity and strength of the laminate is very much 
dependent upon the laminators knowledge of: 


a) The materials he is using 

b) The mixing of resins and gelcoats etc 

c) The laminating process and lay up techniques 

d) Good Moulding Practice 

e) Ability to follow lay up drawings 
4.2.3, Onjoining the Company, all laminators are assessed 
to ascertain their current level of experience and 
knowledge in respect of a), b), c) and d). If he is not 
considered suitable for production moulding he will 
spend six weeks in the moulding shop training 
school. During this period he will be given a thor- 
ough grounding in laminating skills, techniques and 
materials. At the end of six weeks he will be 
reassessed and if considered to have attained the 
necessary standard during the training period he will 
be transferred to production work in the moulding 
shops. This assessment will include a test moulding 
and written or oral questions. Personnel who show 
evidence that they are unlikely to reach the desired 
level of skill during training, will not be offered 
permanent employment. 
4.2.4 No laminator may pass from the training school to 
production work unless the training school instruc- 
tor certifies that he has reached the necessary 
standard. This shall be recorded in his training 
record. 
4.2.5 Once the trainee laminator is transferred to produc- 
tion work in the moulding shops it is the 
responsibility of the supervisor to ensure he is placed 
under the direct supervision and guidance of a 
skilled laminator. 


Initially the trainee will only be permitted to work 
on non structural mouldings until he has demon- 
strated he has reached a sufficient level of skills in 
laminating. Each progression in the laminator’s 
skills will be recorded in his training record which 
will enable any Shop Manager or supervisor to 
ascertain the level of skill he has reached and hence 
the nature of the work he may be assigned to. 


An employee having gone through the above 
programme will be considered as skilled when he 


4.3 


4.4 


has. Such an endorsement will be made in his 
records, and at this point he will be considered as 
suitable for laminating on any structural moulding. 


Under no circumstances will a trainee be allowed to 
work on hulls, decks rudders or traymoulds (i.e. 
items covered by the LR H.C.C.) unless the super- 
visor is satisfied that he has reached the necessary 
level of skill that will ensure LR requirements are 
met. 


Laminators (Fitting Out) 


4.3.1 Repairs to yachts received from the moulding shops 
must be carried out by skilled laminators. 


4.3.2 Personnel involved in laminating sterntubes ‘P’ 
brackets rudder stock tubes and other items affect- 
ing the watertight and structural integrity of the hull, 
must be skilled in laminating techniques or be oper- 
ating under the close supervision of someone who 
does have the necessary skills. 


Boat Assembly and Fit Out Personnel 


4.4.1 The requirements of this section apply to all person- 
nel (other than those involved in laminating) who 
perform work covered by the LR Hull Construction 
Certificate. 


4.4.2 It is the responsibility of the supervisor to ensure 
that personnel used in these areas have the neces- 
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sary skills and experience to guarantee the quality 
of work being performed. 


Any new employee will be assessed to ascertain the 
extent of his knowledge and experience. The super- 
visor is responsible for ensuring he works under the 
direct supervision and guidance of an experienced 
employee. 


This close degree of supervision will continue until 
the new employee is considered to be adequately 
skilled for the work in which he is involved. 


4.4.4 Records of such on the job training shall be kept by 
( ) 


4.5 Drawing Office 


4.5.1 The requirements of this section apply to all drawing 
office personnel producing drawings for yacht parts 
covered by the LR H.C.C. 

4.5.2 The Chief draughtsman is responsible for ensuring 

all draughtsmen are familiar with: 


a) Drawing Office Practices. 
b) System for controlling LR approved drawings to 
workshops and suppliers. (This includes standard 


procedure drawings). 


c) LR Rules for Yachts and Small Craft. 


TYPICAL INSPECTION SHEETS 


APPENDIX O 


FOR STEEL SMALL CRAFT BUILDERS 


QUALITY CONTROL INSPECTION SHEET BUILDING STAGES 


STAGE 


1 


11 


PRE-BUILDING MEETING 
COMMENCEMENT OF FABRICATION 
KEEL LAYING 

FRAMING 


HULL PLATING INCLUDING 
ERECTION & PREFABRICATION 


HULL WELDING 

Internal 100% 

External 100% 

Structures 100% 

RADIOGRAPH OF WELDING 
CRACK DETECTION OF WELDING 
INTEGRAL TANKS FITTED 


TANKS/INTERNAL 
EXAMINATIONTANKS/TESTING 


DECK CONSTRUCTION 
Deck 

Deckhouse 

Structures 100% 

HULL FITTINGS 


STEERING GEAR RUDDERS & 
TILLERS 


Rudder/S Const 

Verification of Materials with Certs 
Examination & Test of Completed Rudder 
Tiller/s Fitted 

Rudder Tube/s Fitted 

Rudder/s Fitted 

Helm Position Fitted 

Steering Rods/Boxes or Cables Fitted 
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SYNOPSIS 


This paper deals with the equipment used to control the flow 
of oil and gas from a well during drilling and subsequent 
production. 

A brief and simplified description of the main operations is 
followed by details of the main standards in current use. The 
Society’s involvement with this equipment varies with location 
but specific requirements are laid down by both the British and 
the Norwegian governments and these are covered in some 
detail. 

It should be noted that throughout this paper Imperial units 
(inches, feet, pounds per square inch and degrees Fahrenheit) 


Mr. Totterdell joined BP Tanker Company in 1968 as an Engineer Cadet and continued serving with 
them until 1981. Having obtained a Ist Class Certificate, he took the opportunity of voluntary redun- 
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approval of offshore equipment, specifically for Scottish manufacturers of pressure vessels and well 


are used as the oil industry and pipe manufacture throughout 
the world is heavily based on American standards. Approximate 
metric equivalents will be given in parenthesis. 

For surveyors who may not be familiar with the specialised 
terms and operations referred to in this paper, a glossary of 
definitions is included in Appendix I. 


1 IN THE BEGINNING 


Man has used petroleum for more than 5,000 years. The 
Sumerians, the Assyrians and the Babylonians used the seepages 
at Hit on the Euphrates, now in Iraq, in many ways. Even the 
Dead Sea, known in ancient times as Lake Asphaltites, provided 
semi-solid petroleum washed up on its shores from underwater 
seepages. 

Asphalt and bitumen were used in construction to replace 
stone and timber and also used in art work, medicine and for 
waterproofing. It is probable that the first ignition was from 
lighting, and burning tar and pitch seepages provided the fuel 
for the “eternal fires’ which formed the centre of the ancient 
Persian fire-worshipping region. 

The first oil found by drilling was extracted in China and 
Burma in about 200BC. During the drilling of brine wells for 
salt, at a depth of 450 ft (140 m), petroleum was discovered. The 
petroleum was ignited to produce natural gas used to separate 
the salts from the brine by evaporation. 

In those early years the World’s use of oil was supplied from 
seepages, animal fats and, later, by coal oil. With the advent of 
the Industrial Revolution, a cheaper and more convenient 
source of oil was needed for lubrication purposes and illumina- 
tion. This led to the drilling of the World’s first oil well by 
“Colonel” Edwin L. Drake in Titusville, Pennsylvania, U.S. He 
began drilling in 1858 using techniques developed from the 
Chinese brine wells. On August 28, 1859, at a depth of 69 ft 
(21 m), he struck oil, thereby opening up the petroleum industry 
and its closely associated modern industrial age. 

The first wells were drilled using impact type tools. This 
time-consuming technique involved the repeated impacting of a 
chisel-like bit, requiring the operation to be stopped at regular 
intervals to remove the chippings. These dry holes allowed oil 
and gas to flow to the surface giving the popularised image of a 
“gusher” as a successful well. This not only proved expensive, it 
was also found to be dangerous. 

During the last 50 years rotary drilling has been the preferred 
method. It has a number of advantages over impact drilling. The 
rotating drill bit gouges and chips its way downwards whilst 
being lubricated and cooled by a high density fluid called drilling 
mud. This fluid not only removes the chipping allowing con- 
tinuous drilling, but by the use of hydrostatic pressure prevents 
oil and gas entering the well bore and a blowout or gusher 
occurring. Hence the first form of well control equipment was 
introduced. 
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Drilling for oil has come a long way since 1858. With the 
demand for oil ever increasing, exploration and production of 
oil has left the land and relocated to the continental shelf of 
many continents (see Plate I). However, whether drilling on land 
or at sea, apart from one obvious difference, the techniques are 
very much the same (see Plate II). 

The first hole drilled can be up to 36 ins (915 mm) in diameter, 
and, depending on the final required depth of the well, may 
reach a depth of 650 ft (200 m). Into this will go the first casing 
string of 30 ins (762 mm) diameter which will be cemented into 
the hole. This conductor pipe, as well as stabilising the well 
through any soft ground, has two main functions. It will be a 
base on which to fit the blowout preventer (BOP) and, secondly, 
contains a suspension mechanism from which the other casing 
strings are attached. 

Where the productive formation is found at a shallow depth 
a single casing only may be required and, into this, the produc- 
tion string would be fitted. However, for well depths down to 
25,000 ft (7,620 m), a number of casings will have to be run, each 
latching into the previous casing and being cemented into its 
hole. A casing arrangement with sizes and depths typical of the 
North Sea is shown in Figure 1. 

With the deeper wells, higher pressures, up to 15,000 psi (1035 
bar), are being found. The hydrostatic head of one density of 
mud alone is not sufficient to prevent pockets of gas and oil 
reaching the surface and for this reason a blowout preventer is 
fitted to the well head (Figure 2, Plate III). With drilling being 
carried out through the preventer, any changes in pressure can 
be monitored by the drill operator and quickly controlled by the 
injection or release of different density muds via the choke lines. 
These lines are connected to the preventer stack usually below 
the lower pipe ram. 
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If this proves inadequate, the pipe ram preventers or annular 
preventers which seal around the drill pipe can be closed by 
remote hydraulic control. As a last resort, the blind shear rams 
can be closed, cutting the drill pipe and sealing the well com- 
pletely. The kill line can then be used to neutralize the well bore 
pressure with high density mud to allow work to restart. 

Where drilling is taking place offshore, the equipment can be 
located on the sea bed on a template and connected to the 
drilling deck of a fixed platform or floating barge or semi- 
submersible. This is done using a marine riser, typically com- 
prising a 20 ins (S08 mm) pipe connected to the BOP via an 
emergency disconnect package (EDP), and a flexible ball joint, 
tensioned at the top to prevent buckling. On floating platforms 
motion compensators and telescopic joints are needed to allow 
for movement due to waves and wind. 

Finally, on top of the marine riser, a simple type of blowout 
preventer, known as the diverter, is located. Being placed below 
the drilling platform, the drill string runs through its centre. If 
any gas “kicks” up from the well the diverter can seal around the 
drill string and at the same time uncover ports which will pipe 
the gas away to a safe area. 


3 COMPLETION AND PRODUCTION 


When drilling is completed and the oil reservoir found the 
sub-surface safety valve (SSSV), or down hole safety valve, must 
be fitted. Once this hydraulically operated, fail-closed ball or 
flapper valve is in place the blowout preventer can be removed. 

On a fixed platform or onshore installation a tubing bonnet is 
fitted which will have ports for the SSSV operation as well as the 
main production bore. The top of the bonnet has a flange or hub 
connection to which the christmas tree is fitted. 
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Fig. 3 Surface Christmas Tree Solid Composite Body 


Where a well is completed subsea, the bottom connection of 
the tree will be a form of wellhead connector and will latch onto 
the outside profile of the wellhead housing. All of this equip- 
ment is installed by diver or remote control. The components 
are lowered down guidelines and located on guide frames 
attached to the subsea template. 

The christmas tree is an arrangement of valves to control the 
flow of high pressure oil or gas production, formed either in one 
solid forged or cast body (Figure 3) or individual valves clamped 
or bolted together (Figure 4, Plate IV). Upper and lower master 
valves form a double shut off arrangement, one manual and the 
other actuated, and are used to isolate and control the well 


during production. The outlet from the tree is via the wing valve. 
This can be actuated, Figure 5, or manual or both if two are 
fitted, and is offset from the main bore either in a ““Y” or “T” 
form to allow direct access down the well via a swab valve placed 
directly above the main bore. 

The swab valve is manually operated and opened once the 
workover equipment is attached to the tree cap, the uppermost 
part of the tree. In a surface tree this cap is a flanged or clamped 
adapter to fit the top of the tree with a plug held in place with a 
quick union type collar. For subsea trees (Figure 6, Plate V) the 
cap is simply a plug latched in place using the inside profile of the 
top of the tree and sealing the area above the swab valve. This 


& oy 
Treecap—___ ieee 


S=— 
(N\ 
Actuated 
Swab valve ———____ (ex 


\ass I wing 


valve 


Injection 
valve 
_ 
Cross —_ 


Upper 
master 
valve 


Lower 
master 
valve 


Control a 


line 


Tubi 
ubing valve 


bonnet 


= 


Plate IV A land based Christmas Tree 
of assembled valves bolted together 


20 inch O.D. 
casing 
133 inch O.D. 
casing eae 
93 inch O.D,. ——___ 
casing 
53 inch O.D. tubing 
% inch O.D. control ———— 
line 


fo 


Fig.4 Surface Christmas Tree Assembled Body 


cap will subsequently be removed to allow a workover riser to be 
fitted. Alternatively, Figure 7 shows details of a subsea tree 
modified to produce oil direct to a floating platform. 


4. WORKOVER 
- When the tree is installed and the flow lines are connected to 
Plate VA subsea Christmas Tree assembly the wing valve, production of oil or gas can commence and T 
fitted to a text fixture at a manufacturer's workshop continue undisturbed. By use of the tree cap and swab valve the 
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Fig.5 Actuated Gate Valve 


well can be entered at any time without stopping production. As 
well as monitoring for analysis and other data acquisition, many 
operations including running and pulling flow controls, remov- 
ing build ups of paraffin wax, tubing-loop installation, jet wash- 
ing sand. gas lift valve installations, fishing and well treatment 
can be carried out through this access point. 

All of these operations can be carried out by fitting various 
forms of tubing to the top of the tree cap or marine workover 
riser. These items artificially extend the pressure envelope above 
the tree and are usually designated as mobile equipment, often 
owned by a well servicing company and transported from one 
site to another as needed. 


Another term often used with workover is wireline services. 
Some of the operations noted above use equipment that will be 
lowered into and later lifted out of the well on a wire. This wire, 
coming from a powered storage reel, enters the pressure en- 
velope through a grease head allowing minimal clearance be- 
tween the seals and the wire. This is packed with grease to seal 
against the well presure when in operation. In order to ensure 
that the well can be shut down, even when wires are in use, a 
wireline blowout preventer is fitted above the tree cap or riser 
and all wires would be cut before the master valves are closed. 
This lost equipment is retrieved at a later date using the same 
wireline system, this process being referred to as “fishing”. 

Examples of wireline components are shown in Figures 8 and 
9. 
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5 INTERNATIONAL REQUIREMENTS 


A survey was recently carried out for a manufacturer who was 
considering starting out in the wellhead business. The consul- 
tant advising the manufacturer was requested to establish the 
applicable international standards and requirements which 
would have to be met. The manufacturer required to know 
whether a single standard existed, or if a group of standards 
could be amalgamated to produce one working standard to 
facilitate sales worldwide. He contacted various governmental 
bodies throughout the world directly as well as using the region- 
al offices of the Society. 

This established that the American Petroleum Institute (API) 
specifications were universally acceptable with the addition of 
only one or two local requirements. 

However, in the U.K. sector of the North Sea, the above 
specifications are not totally acceptable and there are significant 
additional requirements. In Norway, whilst the API standards 
are more accepted as they stand, the Norwegian Petroleum 
Directorate require that an independent body reviews the 
designs, and issues a “design strength approval” certificated for 
inclusion in the manufacturer’s databook. 
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Fig. 7 Modified Subsea Assembly to produce Oil 
through a Riser 


6. AMERICAN PETROLEUM INSTITUTE (API) 


API was founded in 1919 to organise the U.S. industries to 
meet the heavy demand for oil during World War I. Today, the 
API is a non-profit making organisation which serves to coor- 
dinate and promote the interests of the industry. The Institute 
brings together people from all disciplines of the industry to 
provide a forum for its members working towards improving 
the quality of its services. Since its formation it has helped to 
develop standards and procedures for use with well drilling 
equipment, measurement, testing and safety. 

API produces a large number of specifications, bulletins and 
recommended practices covering all aspects of the oil industry. 
These standards not only give information about the manufac- 
ture and use of oil field equipment but by providing tables of 
sizes and pressure ratings ensure standardisation and interchan- 
geability between components from different manufacturers. 

The main standard to which most well control equipment is 
built is API Specification 6A, “Wellhead and Christmas Tree 
Equipment”, currently in its sixteenth edition. Even where this 
is not the most applicable standard, manufacturers and oil 
companies use many of its sections to simplify their require- 
ments and procedures. 

One of the major changes introduced in the fifteenth edition 
of API Spec. 6A was the use of Product Specification Levels 
(PSL). Now ranging from | to 4, they detail, in increasing sever- 
ity, the inspection and testing to be carried out. This gives the 
equipment purchaser the opportunity to specify the extent of 
inspection by reference to a recognised standard without having 
to prepare their own specification or use that of the manufac- 
turers. 

As well as the tables of sizes and corresponding pressure 
rating other general items, recently introduced, cover the 
suitability of the equipment with respect to Temperature 
Ratings (Table I) and Retained Fluid Ratings (Table II). Table 
II relates to two harmful additions found in the production 
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Fig. 8 Examples of Wireline Equipment 


fluid, carbon dioxide and hydrogen sulphide. This table has now 
been altered to give recommended materials (Table III). 


API SPECIFICATION 6A TEMPERATURE CLASSIFICATION 


Temperature Ratings 


Min. Max. 
~75 (-59.4) 180 (82.2) 
50 (-45.6) 180 (82.2) 
20 (28.9) 180 (82.2) 

Room Temperature 

0 (-17.8) 180 (65.5) 

0 (17.8) 180 (82.2) 

0 (-17.8) 250 (121.1) 


K 
L 
P 
R 
S 
nib 
U 


TABLE I 


API Spec 6A details certain of the basic criteria for the design 
of wellhead equipment. It sets the maximum allowable stress at 
2/3 yield in relation to the working pressure or 0.83 yield at the 
hydrostatic test pressure. Alternatively, using Distortion 
Energy Theory (von Mises), the allowable stress can be taken as 
the yield stress in association with triaxial combined stresses at 
the hydrostatic test pressure. Alternatively, the design allowable 
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Fig.9 Examples of Wireline Equipment 


stresses ASME Section VIII, Division 2, Appendix 4 can be 
used. 

In Section 605 Table 605.10 of API Spec. 6A the hydrostatic 
test pressures for corresponding standard working pressure 
ratings are given. For pressures up to 5000 psi (345 bar) test 
pressure is twice the working pressure and 10000 psi (690 bar) 
and above is one and a half times the working pressure. 

API Specification 16A “Drill Through Equipment’, first 
edition published in November 1986, covers drilling spools, 
blowout preventers and adapters. These items were covered in 
API Spec. 6A but it was decided that the subject needed to be 
looked at separately. The sizes and rating of flanges and hub 
type connections are also included in this standard. 

API is continually expanding and updating its publications. 
Subsea equipment is at present considered to be covered by API 
Specification 6A. Committee 17 have issued Recommended 
Practice 17A, Design and Operation of Subsea Production 
Systems. 

A list of API standards applicable to well control equipment 
is given in the reference standards in Appendix II. 


API SPECIFICATION 6A RETAINED FLUID 


Retained Fluid Ratings 


Classification”? Characteristics 


Constituents 


HS”) 
<0.05 


ran 
General Non Corrosive Soe 
Service 
General 
Service 
+ Low CO, 
General 
Service 
+ High CO, 
Sour Service 
Sour Service 
+ Low CO, 
Sour Service 
+ High CO, 


Moderately 7to30 <0.05 


Corrosive 


Highly Corrosive >30 <0.05 


> 0.05 
> 0.05 


Sulfide Stress Cracking <2 
Sulfide Stress Cracking 

Moderately Corrosive 

Sulfide Stress Cracking >30 
Highly Corrosive 


> 0.05 


| 
‘” Partial Pressure of Carbon Dioxide (In psia) 


® Hydrogen Sulfide Partial Pressure (In psia) as 
Defined by NACE MR-OI-75 


°) All Retained Fluid Classifications Include Oil, 
Water and Hydrocarbon Gases 


TABLE II 


API SPECIFICATION 6A MATERIAL REQUIREMENTS 


Materials 


Minimum Material Requirements 
Class 


Pressure Controlling 
Parts, Stems and 
Mandrel Hangers 


Body, Bonnet, 
& Flange 


AA General Carbon or low alloy 

Service steel 

BB General Carbon or low alloy 

Service steel 

CC General Stainless steel 

Service 

DD Sour Service'} Carbon or low alloy 

steel” 

Carbon or low alloy 

steel!) 

FF Sour Service| Stainless steel!” 

HH Sour Service'’} Corrosive resistant 
alloy” 


Stainless steel 


Stainless steel 


EE Sour Service” 


Stainless steel” 
Corrosive resistant 
alloy” 


) As defined by NACE Standard MR-01-75 
© In compliance with NACE Standard MR-01-75 


TABLE Ill 


Tf U.K. REGULATIONS 


From the Ist January 1985 it became a requirement of the 
Department of Energy that all items of well control equipment 
should be assessed by a Certifying Authority in a manner out- 
lined in the Attachment to the Memorandum of Understanding 
between the Department of Energy (DOE), the United King- 
dom Offshore Operators Association (UKOOA), the Interna- 
tional Association of Drilling Contractors (IADC) and the 
British Rig Operators Association (BROA). This was in line 
with their policy statement PEA 14/584/4 of the 10th February, 
1983 and Part V of the Offshore Installations: Guidance on 
Design and Construction, which was published in 1985 as 
Amendment No. 2 to the third edition. These documents are 
now combined and form Section 43 of the fourth edition of the 
“DOE notes.” 


Additionally, the Department of Energy confirmed that well 
control equipment was to be included in Statutory Instrument 
1974 No. 289, Schedule 2, Part VIII Equipment. This being 
done, the issuing of Independent Design Review Certificates 
and Certificates of Conformity became a requirement without 
which an offshore platform could not be granted a Certificate of 
Fitness. 

Each manufacturer has adapted to this system in his own way. 
In most cases, as would be expected, there was considerable 
resistance to meeting these requirements. They had a history of 
supplying the oil industry for many years without incident and 
therefore saw little reason for this sudden enforced inspection. 
In other cases, oil companies were already using the Certifying 
Authority for third party inspection and so the independent 
design review was the only new consideration. 

The well control equipment manufacturing industry is very 
competitive and the idea of giving a design to a third party to 
examine was not at all popular. After numerous confidentiality 
agreements and an improvement in working relations, they 
realised that as a Certifying Authority the Society had no 
interest in the commercial value of the designs. Today, designs 
are sent direct by post or reviews are carried out in the presence 
of a company’s design engineer either at their works or at our 
offices. 


7.1 


The scope of well control equipment is detailed in Section 43 
of the DOE Guidance Notes, Subsection 43.1, i.e.: 


Blowout preventers, choke and kill piping and valves, lower 
marine riser connectors, wellhead connectors, mandrels, drill- 
ing spools and clamps. 


Scope 


Marine risers, including kill and choke lines, telescopic joints, 
diverters, flexible hoses and flexible joints. 


Christmas trees, including both master valve crosses, swab 
valve and wing valve and surface safety valves. 


This list is only of examples, with manufacturer and oil 
companies often using different names for the components it is 
often worth stating a “rule of thumb”’. 

If a piece of equipment is subjected to wellhead pressure and 
cannot be quickly isolated if a failure occurs then it should be 
examined. 

In addition, Subsection 43.5 details mobile equipment. This 
includes monitoring or workover equipment such as surface test 
tree and wireline blowout preventers often in use for only short 
periods at a time before being moved to another well or 
platform. 

The scope of the equipment requiring this form of indepen- 
dent review may never be fixed. The protection of subsea in- 
stallations has been recently added. Concern over down hole 
safety valves, pipeline isolating valves or emergency shutdown 
valves, used on import and export lines and risers, to protect the 
platform will mean that these can also be treated in the same 
manner as well control equipment. A Statutory Instrument to be 
introduced by the end of 1989 states that all mechanical equip- 
ment within 3280 ft. (1000 m) radius of the platform will be 
covered by the Certifying Authority. 

Finally, it should also be noted that the system of design 
review and inspection is used in two additional ways. Both the 
manufacturers and their customers use the services of the in- 
dependent body as a standard to be met and to assist sales or 
check a supplier. 


7.2 Procedure 


Before any certification can be carried out, it is important to 
have all relevant documents at hand. Whilst today the fourth 
issue of the guidance notes is in use, a brief review of its history 
may prove interesting. 


In February 1987, the DOE issued a letter headed ‘*Con- 
tinental shelf operations notice No. 49 (CSON 49) certification 
of well control equipment on offshore installations.” This 
details some of the relevant documents which those concerned 
should have in their possession. 


(a) Department of Energy Policy on the Application of the 
Construction and Survey Regulations to Well Control 
Equipment. Document Reference PEA 14/584/4, original 
dated to 10th February 1983 and Revision | dated 14 
March 1985. 

Certification of Well Control Equipment-Memorandum 
of Understanding between the Department of Energy, 
UKOOA, IADC and BROA. Issue 2 dated January 1986 
complete with the Attachment, Guidance on the Certifica- 
tion of Well Control Equipment dated 30 August 1985. 
Part V of the Offshore Guidance on Design and Construc- 
tion pages dated January 1986 and Appendices A and B, 
pages dated April 1985. 


(b) 


(c) 


It is interesting to note that the DOE put their “Guidance 
Notes” third on the list. With the fourth edition of the 
“Guidance Notes” matters have been simplified and with new 
issues of some API specifications, the requirements become 
clearer for all concerned. 

For compliance with all of the above documents, items within 
the scope of well control equipment being incorporated into an 
offshore installation must be covered by a certificate of confor- 
mity. This certificate states that the items have been constructed 
and tested in accordance with the requirements of the relevant 
independently approved specification. 


8. SPECIFICATION FOR MANUFACTURE 


This should be compiled by the manufacturer or a consultant/ 
designer on their behalf, for the purpose of satisfying the in- 
dependent reviewer that the equipment is fit for purpose. It can 
be divided into three separate sections as detailed below, and 
should be prepared and approved prior to fabrication. 


8.1 


(a) General description of the equipment with main com- 
ponents and/or assemblies also detailed together with 
relevant part/drawing numbers stated. 

Environmental conditions and operating envelope includ- 
ing maximum working pressure and external loading, tem- 
perature rating and retained fluid rating (sour and/or cor- 
rosive). 

Design criteria for the operation and test conditions, exter- 
nal loads, stress limitations and safety factors. 

Design justification in the form of design calculations using 
formulae derived from first principles of stress analysis, 
proven empirical formulae, proven industry standards, text 
books, pressure vessel codes, etc. and/or finite element 
stress analysis to justify the scantlings and choice of 
materials used in the design. 


Design Specification 


(b) 


(c) 
(d) 


8.2 
(a) 


Manufacturing Procedures 


Specification of materials to be used including all mechani- 
cal properties. 

Non-destructive examination (NDE) techniques and 
procedures should be in accordance with a national stan- 
dard, e.g. AMSE V, and be capable of detecting and sizing 
significant surface and internal defects with an acceptance 
level again to a national standard e.g. ASME VIII or better. 
NDE to be carried out using qualified operators whose 
qualifications should be stated. 


(b) 


(c) 


o 


Welding should be in accordance with independently 
approved welding procedures by qualified welders. 
Elastomeric sealing compounds should comply and be 
stored as per Appendix “B” of Part V of the DOE 
Guidance Notes. 


Quality Plan 


A quality assurance programme is required to ensure that 
design objectives are being achieved and that the manufac- 
turing procedures, process and testing comply with the 
design specification. An acceptable Quality Assurance 
standard is BS 5750/ISO 9000. This should be used as the 
basis for determining the principal features of a Company’s 
Quality Programme. 

Material of major load bearing and pressure retaining parts 
should have documentation that ensures traceability 
throughout the manufacturing process. 

A document derived from the quality programme setting 
out specific quality practices and activities relevant to a 
particular contract. Particular attention should be given to 
indicating inspection points both “In House” and Certify- 
ing Authority as well as for third party/customer require- 
ments. These should comply with at least the minimum 
requirements laid down in the Guidance Notes and the 
Memorandum of Understanding. 


(a) 


(b) 


(c) 


a: INSPECTION REQUIREMENTS 


When a specification for manufacture is reviewed the quality 
plan is one of the most important sections to be approved. The 
layout of these vary considerably between manufacturers but 
each plan must contain all of the required activities. 

The manufacturer will be responsible for ensuring that all 
activities are completed by his company, his supplier or sub- 
contractor. Where a manufacturer has a quality programme 
based on the principal features of BS 5750 or similar, then super- 
vision of fabrication can be reduced but the activities detailed in 
Table IV of this paper must be undertaken. 

In Table IV, procedure details are given in the second column. 
These are often comprised of a list of internal specifications 
numbers but should, where necessary, at least reference a na- 
tional standard. 

Witness requirements are divided into three or four final 
columns for the manufacturer, competent body, customer and 
third party inspectors. These columns will then be marked either 
Hold (H), Witness (W), Review (R) or Monitor (M) against 
each activity. 

The “hold” notation will be used by the manufacturer during 
each operation at his works. At his sub-contractors, his inspec- 
tion will be determined by the QA system of those concerned 
and will vary from 100% witness of all operations to monitor of 
testing or just review of the documentation. 

A customer will often limit his involvement to reviewing the 
documentation and employ a third party, possibly the Certify- 
ing Authority, to carry out all inspection including painting and 
packing. 

The competent body or Certifying Authority should monitor 
manufacture and ensure documentation is maintained as stated 
in the Guidance Notes, Section 43.3.1 (b). This is provisional on 
the company’s Quality Programme being acceptable. Where it is 
not acceptable, additional witness and hold points should be 
added. By tradition, the hydrostatic pressure test is considered a 
witness point, but monitoring is all that is required particularly 
where the test is charted and endorsed by competent personnel. 
The DOE’s suggested scope could involve a testing period of as 
little as 30 minutes for a simple valve, but API Spec 6A PSL 4 
requires over 3 hours for testing, including gas tests. 

Table V of this paper gives a comparison between the API 
levels of inspection and testing and those detailed in the DOE 
Guidance Notes. 


Customer: Sales Order: 

Purchase Order: Drawing Number: 

Project: Part Number: 
Description: Q.A. Plan: Rey Date 


Comp. : 


Procedure 
No. 


Activity 
Description 


Identity Material 
Chemical Analysis 
Heat Treatment 
Mechanical Tests 
Hardness 
Volumetric N.D.E. 
Q.A. Release 
Machine 
Hardness Check 
Dimensional Insp. 
Surface N.D.E. 
Hydro. Test 
Function Test 
Final Inspection 
Documentation 
Q.A. Release 


PRADA 


ASME V/VIII 


NACE REQ. 


ASME V/VIII 
API6A + DOE 
API6A 


Drs orm Sw 
fe = fi atk dh tt 


TABLE IV 


NOTE: 
Mark up used in this table is given only as an example and will vary for 
every manufacturer, purchaser, etc. 


QUALITY CONTROL AND TEST REQUIREMENTS 


Tensile Test yes yes 
Impact Test yes! yes? 
Dimensional end end 
connec- | connec- 
tions tions 
most all 
parts parts 
Traceability y yes yes 
Chemical 
Analysis 
Visual yes yes 
Examination 
Surface NDE 


Hardness 


100% wetted all all 
surfaces | surfaces | surfaces 


Volumetric NDE 100% 


Drift Test yes 


Hydro Test Body |1 x 3mins 
| x |Smins| 
Seat |2 x 1Smins| 
Gas test Body 
(Nitrogen) 
Seat 
Back seat 
Low Pressure 
Seat Test 
(300 psi) 


Temperature Classification L&K (se Table I) 

Temperature Classification P, L&K (see Table I) 

All Temperature Classification but acceptance by Lateral Expansion only 
Self energising gaskets only 


TABLE V 


NOTE: 

The above information from API 6A is based on that given for full bore 
valves and is intended as a comparison table with the D.O.E. requirements 
only. 


10. MATERIAL REQUIREMENTS 


The selection of a material for any fabrication is to some 
extent pre-determined. The main factors governing the 
manufacturer’s choice of material will include strength to with- 
stand the imposed loading, compatibility with products and 
temperature, and weldability, besides commercial considera- 
tions, availability and cost. The very nature of well control 
equipment does however impose additional requirements on a 
manufacturer which can control or limit all of the above. 


10.1 Retained Fluid 


The production of hydrocarbons from underground sources 
will include some other less desirable elements. This situation is 
exacerbated when water is injected into the well to increase 
production by pressurisation. As shown in Table I and III, API 
addresses the subject by identifying two main compounds, 
Hydrogen Sulphide and Carbon Dioxide. 

Hydrogen Sulphide in the presence of water can lead to the 
development of brittle failure mechanism known as sulphide 
stress corrosion cracking (SSCC). The National Association of 
Corrosion Engineers (NACE). Technical Practices Committee, 
Standard MR-O1-75 details the material requirements for 
hydrogen sulphide environments where the partial pressure is 
greater than 0,05 psi (3,5 mbar). 

The correlation between SSCC, heat treatment and hardness 
have been well documented. As hardness is a widely used non- 
destructive method of testing material, it is used to determine 
the material’s suitability for a sour service. The standard details 
various materials used in the oil industry and, for ferrous metals, 
a hardness figure of 22 on the Rockwell C Hardness Scale 
(HRC) is the maximum allowable for most cases, (for more 
details refer to NACE MR-O1-75). 


10.2 Service Temperature 


Oil is produced all over the world and subject to different 
environmental conditions that will affect design. Although the 
deserts of the Middle East give rise to high working tem- 
peratures, the metallurgist’s major concern is with low tem- 
peratures where brittle fracture is the main failure mechanism. 

The most commonly applied method of proving suitability 
for purpose has been impact testing. The Charpy “V”’ Notch test 
is the generally accepted method and requires three specimens to 
be satisfactorily tested at a certain temperature that justifies the 
design temperature. 

Considerable investigation has been carried out into accep- 
tance levels for impact test results and pressure vessel codes are 
often quoted. BS 1515 (now BS 5500) has guidelines based on 
wide plate data and today’s BS 5500 Appendix D states a series 
of “Design Lines” relating to service temperature, material 
thickness and Charpy impact energy. However, even though 
this appendix contains useful information it is not suitable for 
materials other than carbon or carbon manganese steels for 
which it was written. 

The industry standard API Specification 6A does specify 
requirements for carbon and low alloy steels and the testing is 
carried out at or below the minimum temperature for each class, 
shown in Table I, in order to obtain a single minimum energy 
value. In the U.K., this does give a problem, the DOE Guidance 
Notes state: 


“API Spec 6A toughness requirements are not adequate.” 


Since this statement was first made in 1985, there has been a 
great debate over it. The DOE quote 14°F (—10°C) as the 
minimum design temperature for the North Sea. As API does 
not consider impact testing necessary above —29°F (—34°C), this 
may have been the only problem. The DOE however required 
particular testing to verify the material’s suitability and 
acceptable requirements were developed over a two year period. 


In the DOE Guidance Notes, the combination of major load 
bearing and pressure containing parts is regularly referenced. 
Table 6.1 and its notes clearly advise that energy levels in joules 
for parent steel, castings and forging (see 6.2.4.1) should be one 
tenth of the yield strength of the material, with testing being 
carried out at an average temperature of —4°F (—20°C) for a 
design temperature of 14°F (—10°C). Variations in design tem- 
peratures and relevant test temperatures are given in note 2. 

In addition to these values, the Association of Well Head 
Equipment Manufacturers Impact Task Group’s researching 
the subject prepared the following statement: 


Impact testing should be carried out on major pressure 
containing and load carrying parts which, if subject to 
failure, would result in a leak of well fluid directly to the 
environment. 


The charpy “V” notch energy level should be 30 ft.lbf (40 
joules) minimum average of three specimens at a test tem- 
perature of 0°F (-18°C). 


This was one of the subjects discussed at a joint UKOOA/ 
AWHEM meeting with the certifying authorities and the DOE 
held at the Society’s Head Office in London on 24th March, 
1986. It agreed with the information given in Part 2, Section 6, 
of the DOE Guidance Notes and as the manufacturers consider 
these values acceptable, it was summarily adopted as a require- 
ment. 

It must be noted that the values of 30 ft.lbf (40 joules) at 0°F 
(—18°C) is for materials that are basically covered by API Spec. 
6A types | to 4. Special recognition of materials selected on the 
basis of special service requirements were discussed at the 
UKOOA/AWHEM/CA meeting. AISI 410 stainless steel was 
specifically quoted for corrosion resistance. Values were 
discussed but since that time a number of manufacturers have 
carried out extensive testing. A value generally considered 
acceptable by the manufacturers and the certifying authorities 
for this material is 15 ft.lbf (20 joules) at 14°F (-10°C) with a 
recommendation that this material be used for a minimum 
design temperature not lower than 21°F (—°6°C). 

Since the adoption of these values, their justification has been 
continually questioned. With little or no history of failure 
associated with energy levels could it be that these levels are too 
high? Manufacturers have wanted to simplify the requirements 
to one value and allowing AISI 410 under that value has not 
been considered a good policy. Additionally, rolled bar which 
may meet the value in the longitudinal direction has very low 
transverse properties which are important if the bar is hollow 
and used as a cylinder having high hoop stress. 

AWHEM has continued with their impact task group work 
and recommend a slightly lower energy value but transverse 
specimens. With the recent issue of the sixteenth edition of API 
Specification 6A, the UK and API may soon be using one set of 
figures. The new specification requires transverse specimens be- 
ing tested at the class minimum temperature and if AWHEM 
use one of those classes lower than the U.K. requirements then 
both the DOE Guidance Notes and API will be complied with. 

The standardisation and reduced value will be welcomed by 
most manufacturers. The change of direction will mean con- 
siderable re-writing of material specifications unless they take 
advantage of the recognised relationship of the transverse 
energy value being 2/3 of longitudinal for forged material. 

AISI 410 may soon be replaced by ASTM 182 F6NM for use 
with corrosive fluids having much higher impact values at lower 
temperatures. The alternative to using this material for solid 
forging is to overlay weld inconel or corrosion resistant material 
onto alloy steel blocks. 


or) 
\ 


Il. CERTIFICATION 


Since the requirements for well control equipment were im- 
plemented the Society has revised the applicable certificates a 
number of times, from the original “Report 10” type to those 
currently detailed in Offshore Division Circular No. 39. With 
the introduction of the new corporate image all certificates are 
being updated. In Appendix 3 certificate specimens are giving 
showing this new image and some minor changes which are 
considered necessary by the author. 


11.1 Independent Review Certificate (Form 1619) (IRC) 


These are issued by Glasgow and the Offshore Division in 
H.Q., London with the exception of some minor components. 
The certificate is issued, usually to the manufacturer, on 
“Approval” of a Specification of Manufacture. The specifica- 
tion should have a reference independent of sales orders ete so 
that it can be re-used for subsequent orders if suitable. 

The component description and identification relate to the 
main drawing in the package but will vary between manufac- 
turers who use part numbers and/or drawing numbers as an 
identification. Where a specification is for an assembly, the first 
certificate will be amended to that effect and components will be 
listed overleaf with additional certificates being issued for each 
main component which can form a sub-assembly with its com- 
ponents also detailed. 

The DOE define a valve as a component and it can be certified 
as such. However some manufacturers consider that it is an 
assembly of which one or two parts can be repeated in another 
assembly. In this case more than one IRC will be issued but only 
one COC would be in order. 

The design temperature range normally is 14°F to 250°F 
(-10 Cto 121 C). The lower figure is recommended by the DOE 
south of latitude 54°N and replaced by —6°C north of this 
latitude. Variations on this usually result from the customer’s 
own requirements. The upper figure is that given by API Speci- 
fication 6A as a maximum, above which, a reduction in pressure 
must be considered. 

The other limiting factors will include service conditions, 
NACE requirements relating to the retained fluid, and external 
loading. In addition an IRC can be limited to one order where 
for some reason the manufacture of an item does not comply 
with the normal standards, but is justified and considered 
acceptable. 


11.2 Certificate of Conformity (Form 1617) (COC) 


This certificate is issued by the office that is responsible for 
visiting the manufacturer. It will be issued on the satisfactory 
completion of the fabrication and testing in accordance with the 
Specification for Manufacture. Where more than one manufac- 
turer or works is involved and where final assembly and test is 
carried out at a second location under the jurisdiction of another 
LR office, then the first office can issue a Report 10, a factual 
statement of work to date, and the COC is issued by the second 
office 

The information on this form is similar to that on the IRC 
with the addition of unique marking and order numbers. 


11.3. Certificate of Conformity Existing Equipment 
(Form 1618) 


This form is used to re-certify equipment which has been 
returned to a manufacturer or oil company service base for 
overhaul or refurbishment. In addition, this form is also used for 
equipment manufactured prior to 1985. In either case, the Sur- 
veyor must satisfy himself that, together with all the back-up 
data available, the equipment is suitable for its intended 
purpose. 


11.4 Report of Survey ... (Form 6341) 


This form was originally designed to collect all the relevant 
data about the equipment for use by the Society so that a com- 
puter based record system, similar to that in use in Machinery 
Reports, could be initiated. Manufacturers and oil companies 
however have realised that this form summarises a considerable 
amount of useful information making the data packages redun- 
dant as record sheets. 


12. NORWEGIAN REGULATIONS 


The governing body in Norway for the oil industry is the 
Norwegian Petroleum Directorate (NPD). They have issued the 
following regulations for use in the industry: 


(i) Regulations for drilling ete for petroleum in Norwegian 
internal waters, in Norwegian territorial waters and on the 
Continental waters and on the Continental shelf which is 
under Norwegian sovereignty. 
Regulation for production and auxiliary systems on 
production installations ete. 


(1) 


In addition to the regulations, draft guidelines for subsea 
production systems have also been issued. This is an outline 
document describing the NPD’s philosophy. 

Both of the above regulations quote API specifications as 
acceptable standards and, therefore, equipment designed and 
built in accordance with their requirements is acceptable. An 
additional requirement states the necessity for ... “Confirmation 
of design/strength approval to be given by an independent 
certifying institution,” as stated in Section 2.10.3 “Data Book” 
in Regulations for drilling etc. 

For this reason the Certification of Design Strength Approval 
certificate is issued by Glasgow and the Offshore Division, H.Q. 
In addition to design review, the Society can carry out inspec- 
tion of equipment. The procedure for this inspection has been 
issued by the Offshore Division and is detailed in Appendix IV. 


13. CONCLUSION 

With the increase in requirements for well control equipment 
and other related items such as emergency shut down valves 
coming from the Department of Energy in the U.K. and the 
introduction worldwide of the Lloyd’s Register’s Rules for Off- 
shore Platforms, an increase in work in this field must be expec- 
ted. In addition, the main industry standards from the American 
Petroleum Institute are being updated to include more inspec- 
tion and testing requirements. 

It is therefore important to remember that the industry is 
always operating at a very high pace. A Certifying Authority 
involved in this work must also work with the API, manufac- 
turers and operators in all areas of well control equipment. 
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APPENDIX I 
Definitions and Abbreviations. 


A.W.H.E.M.: 
Manufacturers 

A.N.S.1.: American National Standards Institute. 

A.P.I.: American Petroleum Institute. 

A.S.N.T.: American Society for Non-Destructive Testing. 

A.S.M.E.: American Society of Mechanical Engineers. 

Assembly: The complete well control equipment (e.g. the 
christmas tree, B.O.P. stack, etc. which comprises a number 
of components). 

A.S.T.M.: American Society for Testing and Materials. 

Ball Joint: A ball shaped connection used in a pipe or shaft, 
which allows some degree of lateral movement between the 
two halves, typically + 10° (20° overall). Used to join the 
marine riser to the top of the B.O.P. stack. 

Blowout: A sudden, uncontrolled escape of oil/gas/water 
together with mud at high pressure from a well. 

Blowout preventer: Safety equipment fitted on a wellhead to 
control or prevent excessive downhole pressure from reaching 
the drilling rig floor. There are two basic types of B.O.P. The 
ram type has double-acting opposed pistons, which when 
hydraulically operated, close off the space between the casing 
and the drill string or shear the string and seal the casing 
completely. The annular type contains a flexible rubber 
packer which can be regulated by control pressure to facilitate 
the movement of the drill string or wireline equipment inside 
the hole. 

BOP: Blowout Preventer 

Casing: Thick walled steel pipe which forms the outer shell of a 
well to prevent collapse after drilling. Sections of the casing 
can be screwed, welded or interlocked together to extend to 
greater depths. Different casing diameters are run (casing 
string) concentrically to give further depth, reducing from 
about 30 ins. (762mm) at the wellhead to 5 ins. (127mm) at the 
drill string. 

Casing Head: Top of the string forming a permanent fixture for 
the BOP stack, during drilling, and subsequently the 
christmas tree for production. 

Cement: A mixture of water and cement used to bond casings 
into the boreholes and also used between casing strings. 

Certificate of Conformity: A document signed by a qualified 
party affirming that, at the time of assessment, the product or 
service met the stated requirements. 

Choke: A valve or orifice used to control the velocity of a fluid 
flowing through it. 

Choke-flow Connection: An outlet/inlet on a BOP stack 
connected via a manifold to the mud pit which can also be 
used to control excessive downhole pressure. 

Christmas Tree: An assembly of valves and crosses, or a solid 
forged or cast block with integral valves, to control the flow of 
high pressure oil or gas production. 

Clamp Connection: A method of connecting pipes or valves 
together. Instead of bolted flanges, hub profiles are held 
together with a two piece clamp and four bolts. This 
arrangement results in considerable weight saving as well as 
having handling advantages etc. 

C.O.C.: Certificate of Conformity. 

Competent Body: A Certifying Authority or other organisation 
accepted as competent by the Certifying Authority and the 
owner of an installation. 

Components: The individual parts which comprise the complete 
assembly of the well control equipment (e.g. a valve, a BOP, 
etc). 

D.1.N.: Deutsche Industrie Normal, West German equivalent 
of British Standards. 

Diverter: A device similar to a blowout preventer attached to a 
wellhead or marine riser that can close the vertical access and 
direct flow to a safe area. 


Association of Wellhead Equipment 


Downhole Safety Valve: A sub-service valve fitted in a 
production well and held open by hydraulic pressure. Loss of 
pressure allows the valve to fail safe, thereby closing off the 
well. 

Drilling Spool: Flanged or hubbed pipe, with internal diameter, 
equal to or greater than that of the blowout preventer, 
through which drilling takes place. 

Drill Pipe: Thin walled steel pipe usually 5 ins. (127mm) overall 
diameter and typically 33 ft. (10m) long, threaded together to 
form the drill string. 

Drill String: An assembly of drill pipes and collars used to drive 
the tool or drilling bit. 

Fishing: The art of retrieving broken tools and other debris from 
the borehole. 

Flexible Hose: Hose made of layers of steel wire and plastic 
sheathing with solid flanges or threaded end connections used 
for choke and kill lines ete. ; 

Hydrogen Sulphide Gas: A toxic, corrosive, highly flammable 
gas found in crude oil and natural gas. A valuable reagent 
which at the refining stage turns to sulphur. 

Independent Review Certificate: A document which will 
describe the scope and results of the Independent Review of 
the Specification for Manufacture in a form agreed to and 
accepted by the Certifying Authorities. 

Injection: The term used to describe the method of increasing 
production from a well by pumping water or gas into the 
reservoir. 

I.R.C.: Independent Review Certificate. 

Jet Lifting: Removing cuttings and fluids from the bore hole by 
pumping in liquid nitrogen. 

J Latch: A quick and simple method of joining two components 
with the use of a “‘J”’ shaped slot. 

Kelly: Section of drill pipe of square section used to transmit the 
rotation of the rotary table to the drill string. 

Kill Line: A high pressure line from the mud or kill pumps to the 
blowout preventer through which mud is pumped to 
neutralize the borehole pressure. 

Lubricator: A device used in wireline or workover operations to 
allow equipment to enter the wellhead without stopping 
operations. 

Marine Riser: A tube, up to 20 ins. (SO8mm) in diameter, used 
to connect the cellar deck of a drilling rig to the well head. 

Motion Compensator: A hydraulic or pneumatic shock 
absorber system used to counteract the motion of the drilling 
vessel. 

Mud: Name given to the drilling fluid, comprising a clay, water 
and oil mixture of variable density. 

N.A.C.E.: National Association of Corrosion Engineers. 

Oil String: The final string of casing in a well through which the 
production tubing is fitted. 

Packer: A rubber seal used to isolate tubings from casings in a 
multiple completion well. 

Perforating: Punching holes in a casing or oil string adjacent to 
the production formation as a preliminary stage in the 
completion of a well. 

Production Casing: An oil string, typically 7 ins. (178mm) in 
diameter, and up to 9850 ft. (3000m) deep. 

Ram Preventer: A type of blowout preventer made of two gates 
forced together to seal onto or shear a drill string. 

Riser: A flowline carrying oil or gas from the well to the process 
plant (see also marine riser). 

Riser Tensioner: A system of wires attached to a marine riser, 
below the telescopic joint, connected to pneumatic cylinders 
to keep the riser in tension at all times. 

Sour Gas: Hydrogen Sulphide Gas. 

Stinger: Short tubing used in a multiple packer to isolate one 
bore from another. 

Subsea Safety Valve: A fail-safe valve, fitted on a BOP stack or 
in a production tree, that closes when activated, or in the 
event of loss of hydraulic pressure. 


Swab Valve: The upper valve on the vertical bore of a christmas 
tree. 

Telescopic Joint: A sliding connection at the top of a marine 
riser to allow some degree of vertical movement. 

Template: A guide frame and base positioned on the sea bed 
through which a series of development wells are drilled. 

T.F.L.: Through the Flowline, a technique of passing tools and 
instruments through the flowline into a well by wireline. 

Wellhead: The hardware installed on top of the borehole to give 
access for drilling, controlling pressure in the hole and 
regulating flow, it includes the casing heads, tubing heads, 
hangers and valves. 

Wireline Operation: System for setting valves, lowering logging 
equipment and other items into a well on a wire or small bore 
pipe. Developed to lower explosives for perforation. 


APPENDIX II 
REFERENCE STANDARDS 


In the first set of Guidance Notes issued by the DOE (January 
1986), Part V listed a series of reference standards. This list also 
detailed the edition to be used. In the latest issue, this section no 
longer details the required edition allowing use of the latest 
standards. 

The present list, not only details those quoted, but includes 
standards and reference books often used. 


iL GENERAL 
1.1 Pressure Vessels 
BS 5500 Unfired Fusion Welded Pressure 
Vessels 
ASME Section VIII, Div. 1 & 2 Rules for 


Construction for Pressure Vessels 


1.2. Piping 
BS 3351 Specification for Piping Systems for 
Petroleum Refineries and 
Petrochemical Plants 
ANSI B31.3 Chemical Plant and Petroleum 
Refinery Piping 
API RP 14E Recommended Practice for Design 


and Installation of Offshore 
Production Piping Systems 

Std TBK 6 General Rules for Piping System 
(Norway) Standard TBK.6 


1.3 Materials 


Materials used will comply with a National Standard depend- 
ing on country of origin. This may be a British Standard code, 
ASME Section I], ASTM or DIN standards ete. 


NACE MR-01-75 Sulfide Stress Cracking Resistant 
Metallic Material for Oilfield 
Equipment 

NACE TM-01-77 Testing of Metals for Resistance to 
Sulfide Stress Cracking at Ambient 
Temperatures 

ASTM A 757-81 Standard Specification for Ferritic and 
Martensitic Steel Casting for Pressure 
Containing and Other Applications 
for Low Temperature Service. 


1.4 Welding 
BS 4570 Fusion Welding of Steel Castings: 
Part 1, Production, Rectification 
and Repair 


1.6 
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2.2 


Part 2, Fabrication Welding. 

BS 4870 Approval Testing of Welding 
Procedures 

BS 4871 Approved Testing of Welders 
Working to Approved Welding 
Procedures 

ASME Section IX Welding and Brazing 
Qualifications 


Non-destructive examination 


ASME Section V Non-Destructive 
Examination 

ASTM E165 Recommended Practice for Liquid 
Penetrant Inspection 

ASTM E709 Recommended Practice for 
Magnetic Particle Examination 

ASTM A388 Recommended Practice for 
Ultrasonic Examination of Heavy 
Steel Forgings 

ASTM A709 Specification for Ultrasonic 
Examination of Carbon and Low 
Alloy Steel Casting 


BS 4080 Methods of Non-destructive 
Testing of Steel Castings 

BS 4124 Methods of Ultrasonic Detection 
of Imperfections in Steel Forgings. 

BS 6072 Methods for Magnetic Particle 
Flaw Detection. 

BS 6443 Method for Penetrant Flaw 
Detection 

ASNT RP Personnel Qualifications and 


No SNT-TC-1A_ Certification in NDT. 


Quality Assurance 


BSI Handbook 22 Quality Assurance. 

BS 5750 Quality Systems: 
Part 1, Specification for Design, 
Manufacture and Installation. 


Part 2, Specification for 
Manufacture and Installation. 


Part 3, Specification for Final 
Inspection and Test. 
API Spec. Q1 Quality Programs 


DRILL THROUGH EQUIPMENT 
General 
API Spec. 16A Specification for Drill Through 
Equipment. 


API Spec. 16AR_ Repair and Remanufacture of Drill 
Through Equipment. 


Blowout Preventers 


API RP 53 Blowout Prevention Equipment 
Systems 


Marine Risers 


API RP 2K Care and Use of Marine Drilling 
Risers 

API RP 2Q Design and Operation of Marine 
Drilling Riser Systems 

API Bul 2J Comparison of Marine Riser 
Analysis 

API RP 2R Design, Rating and Testing of 


Marine Drilling Riser Couplings. 


3. CHRISTMAS TREES AND RELATED EQUIPMENT. 


3.1 Surface Equipment 


3.2 


3.3 


3.4 


3.5 


The changes between these certificates and those detailed in 


API Spec. 6A 


API Spec. 6AR 


API Spec. 6AR 


Subsea Equipment 


API RP 17A 


API RP 17B 
API RP 17C 


Specification for Wellhead and 
Christmas Tree Equipment. 
Specification for Repair and 
Remanufacture of Wellhead and 
Christmas Tree Equipment 
Specification for Repair and 
Remanufacture of Wellhead and 
Christmas Tree Equipment 


Design and Operation of Subsea 
Production Systems 

Flexible Pipes. 

Through Flowline (TFL) Subsea Well 
Serving Systems 


Well Completion Equipment 


API Spec. 14D 


API RP 14B 


API RP 14C 


API RP 14H 


Wellhead Surface Safety Valves and 
Underwater Safety Valves for 
Offshore Service 

Design, Installation and Operation of 
Subsurface Safety Valve Systems. 
Analysis, Design, Installation and 
Testing of Basic Surface Safety 
Systems on Offshore Production 
Platforms 

Use of Surface Valves and 
Underwater Safety Valves Offshore 


Other Subsea Equipment 


API Spec 6D 


API RP 6G 


Fire Testing 
BS 6755 
API Spec. 6FA 


API Spec. 6FB 
API Spec. 6FC 


Pipeline Valves, End Closures, 
Connectors and Swivels 
Through Flow Line (TFL) Pump 
Down Systems 


Testing of Valves: 

Part 2, Specification for Fire 
Type-Testing Requirements. 

Fire Test for Valves 

Fire Test for End Connections 
Fire Test for Valves with Selective 
Backspats. 


APPENDIX III 


LLOYDS REGISTER CERTIFICATES 


Offshore Division Circular No. 39 are as follows: 


(a) 
(b) 
(c) 


(d) 
(e) 


Use of the Society’s new logo for all certificates. 
Uniformity in certificate titles. 


“Lloyd’s Lady” in grey at signature as a security device, 


first used on the new Form 1123(9/88). 
New Terms and Conditions on all forms. 


New section for external loading to be detailed on Forms 


1617, 1618 and 1619. 


(f) “Manufacture” replaced by “Manufacturer” on Form 


1617. 


(g) Addition of CO, Corrosive Service on Form 6341. 


Form 1617 X 


Form 1618 X 


Form 1619 X 


Form 1621 X 
Form 6341 X 


The suffix “*X”’, used above, denotes certificates preposed by the 


author. 


Certificate of Conformity 

Well Control Equipment. 
Certificate of Conformity 
Existing Well Control Equipment. 
Independent Review Certificate 
Well Control Equipment 


Certificate of Design Strength Approval. 


Report of Survey and Testing of Well 


Control Equipment and Associated Fittings. 


Manufacturer 


Component/assembly description 


Identification number 


Order number 


Specification for manufacture 


Independent review certificate 


This is to certify that the undersigned Lloyd's Register surveyor has assessed the manufacture /assembly of the 
above product and is satisfied that the product has been built and tested in accordance with the requirements 
of the relevant independently approved specification for manufacture and that records of materials, inspections 
and tests have been maintained and are considered satisfactory. 


The component/assembly is considered to comply with the requirements of the Department of Energy (U.K.) 


"Offshore Installations (Construction and Survey) Regulations 1974: 5.1. 1974/289" for the operating envelope 
stated below. 


Maximum allowable working pressure 


Design temperature 


External loading 


Other limiting factors 


For identification purposes components /assembly stamped 


If an assembly, the Certificate of Conformity numbers for the components are to be listed overleaf. 


Certificate number 


Office 


Surveyor to Lloyd’s Register 


NOTICE - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1617x (01/90) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


Description of components comprising this assembly 


COMPONENT 
: SERIAL NUMBER/ 
CERTIFICATE OF DESCRIPTION IDENTIFICATION 


CONFORMITY NUMBER 


TERMS AND CONDITIONS 


In providing services information or advice neither Lloyd's Register of Shipping (hereinafter referred to as 'LR’) 
nor any of its employees or agents warrants the accuracy of any information or advice supplied. Except as set 
out herein neither LR nor any of its employees or agents (on behalf of each of whom LR has agreed this clause) 
shall be liable for any loss damage or expense whatever sustained by any person due to any act or omission or 
error of whatsoever nature and howsoever caused of LR its employees or agents or due to any inaccuracy of 
whatsoever nature and howsoever caused in any information or advice given in any way whatsoever by or on 
behalf of LR, even if held to amount to a breach of warranty. Nevertheless, if any person uses LR’s services or 
relies on any information or advice given by or on behalf of LRand suffers loss damage or expense thereby which 
is proved to have been due to any negligent act omission or error of LR its employees or agents or any negligent 
inaccuracy in information or advice given by or on behalf of LR then LR will pay compensation to such person 
for his proved loss up to but not exceeding the amount of fee (if any) charged by LR for that particular service 
information or advice. 


LR its employees and agents (on behalf of whom this notice is given) shall be under no liability or responsibility 
in negligence or otherwise howsoever to any person who is not a party to the agreement pursuant to which this 
certificate is issued in respect of any information or advice expressly or impliedly given by or in this certificate 
or in respect of any omission or inaccuracy herein or in respect of any act or omission which has caused or 
contributed to this certificate being issued with the information and advice it contains (if any). 


FORM 1617x-1 (01/90) 


oo 


Component /assembly description 


Unit identification /tag number 


Owner 


Inspected at 


At the request of 


This is to certify that the undersigned Lloyd's Register surveyor did, as requested, attend at the location stated 
above to inspect and test the unit described above. 


The unit has been found or now placed in an acceptable condition and, on the basis of this examination and other 
relevant information provided, is considered to be fit for its intended purpose and to comply with the 
requirements of the Department of Energy (U.K.) "Offshore Installations (Construction and Survey) Regulations 
1974: S.I. 1974/289" for the operating envelope stated below. 


Maximum allowable working pressure 


Design temperature 


External loading 


Other limiting factors 


For identification purposes components/assembly stamped 


If an assembly, the Certificate of Conformity numbers for the components are to be listed overleaf. 


Certificate number 


Office 


Surveyor to Lloyd’s Register 


NOTICE - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1618x (01/90) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


Description of components comprising this assembly 


COMPONENT aug 
CERTIFICATE OF DESCRIPTION PeNTINCATION 
CONFORMITY NUMBER 


TERMS AND CONDITIONS 


In providing services information or advice neither Lloyd's Register of Shipping (hereinafter referred to as 'LR’) 
nor any of its employees or agents warrants the accuracy of any information or advice supplied. Except as set 
out herein neither LR nor any of its employees or agents (on behalf of each of whom LR has agreed this clause) 
shall be liable for any loss damage or expense whatever sustained by any person due to any act or omission or 
error of whatsoever nature and howsoever caused of LR its employees or agents or due to any inaccuracy of 
whatsoever nature and howsoever caused in any information or advice given in any way whatsoever by or on 
behalf of LR, even if held to amount to a breach of warranty. Nevertheless, if any person uses LR’s services or 
relies on any information or advice given by or on behalf of LR and suffers loss damage or expense thereby which 
is proved to have been due to any negligent act omission or error of LR its employees or agents or any negligent 
inaccuracy in information or advice given by or on behalf of LR then LR will pay compensation to such person 
for his proved loss up to but not exceeding the amount of fee (if any) charged by LR for that particular service 
information or advice. 


LR its employees and agents (on behalf of whom this notice is given) shall be under no liability or responsibility 
in negligence or otherwise howsoever to any person who is not a party to the agreement pursuant to which this 
certificate is issued in respect of any information or advice expressly or impliedly given by or in this certificate 
or in respect of any omission or inaccuracy herein or in respect of any act or omission which has caused or 
contributed to this certificate being issued with the information and advice it contains (if any). 


FORM 1618x-1 (01/90) 


ie 


aos 5 


INDEPENDENT REVIEW CERTIFICATE 
WELL CONTROL EQUIPMENT 


y 
TSE 


Specification of manufacture number 


Manufacturer 


Component description 


Component identification 


This is to certify that Lloyd's Register has reviewed the above specification of manufacture and supporting 
evidence submitted by the manufacturer/ designer /owner. 


Based on the information provided it is considered that the specifications comply with the requirements of the 
Department of Energy (U.K.) "Offshore Installations (Construction and ae Regulations 1974: S.I. 1974/289" 
for the operating envelope stated below. 


Maximum allowable working pressure 


Design temperature 


External loading 


Other limiting factors 


Description of components comprising this assembly (if applicable) listed overleaf. 


Date 


Certificate number 


Office 


Surveyor to Lloyd’s Register 


NOTICE - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1619x (01/90) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


Description of components comprising this assembly 


SERIAL NUMBER DESCRIPTION 


TERMS AND CONDITIONS 


In providing services information or advice neither Lloyd's Register of Shipping (hereinafter referred to as 'LR’) 
nor any of its employees or agents warrants the accuracy of any information or advice supplied. Except as set 
out herein neither LR nor any of its employees or agents (on behalf of each of whom LR has agreed this clause) 
shall be liable for any loss damage or expense whatever sustained by any person due to any act or omission or 
error of whatsoever nature and howsoever caused of LR its employees or agents or due to any inaccuracy of 
whatsoever nature and howsoever caused in any information or advice given in any way whatsoever by or on 
behalf of LR, even if held to amount to a breach of warranty. Nevertheless, if any person uses LR’s services or 
relies on any information or advice given by or on behalf of LR and suffers loss damage or expense thereby which 
is proved to have been due to any negligent act omission or error of LR its employees or agents or any negligent 
inaccuracy in information or advice given by or on behalf of LR then LR will pay compensation to such person 
for his proved loss up to but not exceeding the amount of fee (if any) charged by LR for that particular service 
information or advice. 


LR its employees and agents (on behalf of whom this notice is given) shall be under no liability or responsibility 
in negligence or otherwise howsoever to any person who is not a party to the agreement pursuant to which this 
certificate is issued in respect of any information or advice expressly or impliedly given by or in this certificate 
or in respect of any omission or inaccuracy herein or in respect of any act or omission which has caused or 
contributed to this certificate being issued with the information and advice it contains (if any). 


FORM 1619x-1 (01/90) 


® 


Design package 


Manufacturer 


Manufacturer application number 


Item description 


This is to certify that Lloyd's Register has reviewed the design package submitted on the above item(s) by the 
manufacturer / designer /owner. 


Based on the submitted design calculations, the specified allowable stresses and the materials referred to in the 
design calculations, it is considered that the submitted design satisfies the design strength requirements for the 
give design loads. 


This certificate is issued as verification of design/strength for inclusion in the data book as required by the 


Norwegian Petroleum Directorate " Regulations for Drilling etc., for Petroleum in Norwegian waters and on the 
Continental Shelf which is under Norwegian Sovereignty" 1981 Section 2.10.3. 


Date 


Certificate number 


Office 


Surveyor to Lloyd’s Register 


NOTICE - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1621x (01/90) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


TERMS AND CONDITIONS 


In providing services information or advice neither Lloyd's Register of Shipping (hereinafter referred to as 'LR’) 
nor any of its employees or agents warrants the accuracy of any information or advice supplied. Except as set 
out herein neither LR nor any of its employees or agents (on behalf of each of whom LR has agreed this clause) 
shall be liable for any loss damage or expense whatever sustained by any person due to any act or omission or 
error of whatsoever nature and howsoever caused of LR its employees or agents or due to any inaccuracy of 
whatsoever nature and howsoever caused in any information or advice given in any way whatsoever by or on 
behalf of LR, even if held to amount to a breach of warranty. Nevertheless, if any person uses LR’s services or 
relies on any information or advice given by or on behalf of LR and suffers loss damage or expense thereby which 
is proved to have been due to any negligent act omission or error of LR its employees or agents or any negligent 
inaccuracy in information or advice given by or on behalf of LR then LR will pay compensation to such person 
for his proved loss up to but not exceeding the amount of fee (if any) charged by LR for that particular service 
information or advice. 


LR its employees and agents (on behalf of whom this notice is given) shall be under no liability or responsibility 
in negligence or otherwise howsoever to any person who is not a party to the agreement pursuant to which this 
certificate is issued in respect of any information or advice expressly or impliedly given by or in this certificate 
or in respect of any omission or inaccuracy herein or in respect of any act or omission which has caused or 
contributed to this certificate being issued with the information and advice it contains (if any). 


FORM 1621x-1 (01/90) 


Sheet bin a9 of 


REPORT OF SURVEY AND TESTING OF WELL CONTROL 
EQUIPMENT AND ASSOCIATED FITTINGS 
OFFSHORE DIVISION 


LR reporting number 


Survey (delete) NEW / REPAIR / PERIODICAL 
Request for survey by | 

(34 characters maximum) 

Survey carried out at 

(34 characters maximum) | 

Normal location of equipment Authority 

(8 characters maximum) (20 characters max.) 

Description 

(30 characters per line maximum) 


a 


=| 


Manufacturer 

(34 characters maximum) 

Country of manufacture Date of manufacture 

(18 characters maximum) (MM/YY) 

Model/Type he Temperature 

(18 characters maximum) (9 characters max.) 

Serial number ] 

(18 characters maximum) | 

Design code | Design pressure (ps) 

(18 characters maximum) | (5 characters maximum) 
Date of survey 
(MM/YY) 


Working pressure (ps) 


(5 characters maximum) 


Is the equipment suitable for H2S sour gas service (Y/N) 


Is the equipment suitable for C02 corrosive service (Y/N) Next due date for survey 


(MM/YY) 


— 


List any repair(s) or surveys 
undertaken 
(34 characters per line maximum) 


Are weld procedures and welder qualifications approved (Y/N) (a 


Type of NDT carried out and 
areas tested 


NOTE: THE FINE VERTICAL RULE IN EACH BOX INDICATES APPROPRIATE LINE LENGTH IF REPORT COMPLETED USING 10 PITCH TYPE. 


NOTICE - This report is subject to the terms and conditions overleaf which form part of this report 


FORM 6341x Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


Fittings Renewed 

Description 

(34 characters maximum) 

New serial number 

(34 characters maximum) ( 
Description 


(34 characters maximum) 


New serial number 
(34 characters maximum) 


farms amareess cas eesuence| Ob | 
a 
ee ie al 


(34 characters maximum) 


New serial number 
(34 characters maximum) 


Pressure Test 


Test pressure (ps) Date tested 
(5 characters maximum) (MM/DD) 
Description 

(34 characters maximum) 


Test pressure (ps) Date tested 
(5 characters maximum) (MM/DD) 


(34 characters maximum) 


Test pressure (ps) Date tested 
(5 characters maximum) (MM/DD) 


Description 

(34 characters maximum) 

Have all previous documents and material = Initial LR Cert. of Conformity RISES to acy suannurary ae a 
certificates been sighted (Y/N) 

Independent Review Cert. 

Other Certifying Authority Other CA Cert. of Conformity No. 

(3 characters maximum) 


State whether any field | 
testing is required prior to 
stores iS Sane For ree ae Pee a ere 


(34 characters maximum) 


: ——= —= 
aes aa 


This is to certify that I thoroughly examined the equipment described above and that the above is a true report of the result. 


Date 
(DD/MM/YY) 


Surveyor to Lloyd's Register 


TERMS AND CONDITIONS 


In providing services information or advice neither Lloyd’s Register of Shipping (hereinafter referred to as ‘LR’) nor any of its employees or 
agents warrants the accuracy of any information or advice supplied. Except as set out herein neither LR nor any of its employees or agents (on 
behalf of each of whom LR has agreed this clause) shall be liable for any loss damage or expense whatever sustained by any person due to any 
act or omission or error of whatsoever nature and howsoever caused of LR its employees or agents or due to any inaccuracy of whatsoever 
nature and howsoever caused in any information or advice given in any way whatsoever by or on behalf of LR, even if held to amount to a 
breach of warranty. Nevertheless, if any person uses LR’s services or relies on any information or advice given by or on behalf of LR and suffers 
loss damage or expense thereby which is proved to have been due to any negligent act omission or error of LR its employees or agents or any 
negligent inaccuracy in information or advice given by or on behalf of LR then LR will pay compensation to such person for his proved loss 
up to but not exceeding the amount of fee (if any) charged by LR for that particular service information or advice. e 


LR its employees and agents (on behalf of whom this notice is given) shall be under no liability or responsibility in negligence or otherwise 
howsoever to any person who is not a party to the agreement pursuant to which this certificate is issued in respect of any information or advice 
expressly or impliedly given by or in this certificate or in respect of any omission or inaccuracy herein or in respect of any act or omission which 
has caused or contributed to this certificate being issued with the information and advice it contains (if any). 


FORM 6341x-1 


APPENDIX IV 


PROCEDURES FOR THE MANUFACTURING AND 
INSPECTION SURVEY TO BE CONDUCTED BY 
LLOYD’S REGISTER OF SHIPPING ON EQUIPMENT 
SUBJECT TO NPD DATA BOOK REQUIREMENTS 


LRS will provide a copy of the purchase order that describes 
the equipment concerned to the surveyor. The surveyor will 
review the order and consult with London Office if he has any 
questions about the equipment. 

The LRS surveyor will discuss with the manufacturer the 
specific manufacturing procedures, inspection points and NDT 
applied in the manufacturing process to the piece of equipment. 

The manufacturer will provide the LRS surveyor with a copy 
of its Quality Assurance Manual, Weld Procedure 
Qualifications and NDT Procedures, for the surveyor to review 
for acceptability. 

The LRS surveyor will visit the plant and discuss with the 
manufacturer the procedures and inspection check points to 
ensure that the above documents are implemented. 

The LRS surveyor will use shop drawings, material 
specifications, mill test reports, welding specifications, and test 
specifications for the specific piece of equipment to verify that 
the final product is fabricated in compliance with above 
documentation. 

The LRS surveyor may require a list of the manufacturer’s 
production welders and NDT personnel. The surveyor must 
ensure that these personnel are qualified to perform. 

The LRS surveyor will witness the applicable weld test 
procedures and spot-check the production welding. The LRS 
surveyor will witness all hydrostatic and performance tests 
performed on the specific piece of equipment. 

The LRS surveyor will check that the manufacturer prepares 
a statement verifying proper manufacture, inspection and 
compliance with acceptable in-house specifications and industry 
standards. The surveyor will co-sign this statement with the 
manufacturer and it will be included in the NPD Data Book. 

Calculations and data are to be submitted to Glasgow or 
Offshore Division HQ for design strength appraisal. Certificates 
of Design Strength Approval will be included in the Data Book. 

The “Data Book” on completion should be submitted to LR 
London Office for checking before submission to the NPD. The 
manufacturer should not submit the “Data Book” direct to 
NPD or NMD. 


APPENDIX V 


DESIGN JUSTIFICATIONS 


Both the DOE and the NPD require design justifications for 
well control equipment to be submitted for independent review. 
Lloyd’s Register’s Rules and Regulations for the Classification 
of Fixed Offshore Installations, Part 7, require these details to be 
approved. It therefore follows that Lloyd’s Register will be 
involved more and more with this type of equipment during the 
coming years. 

It should be stated that unlike pressure vessels “design by 
rule” cannot be used. With christmas trees and valves being of 
all shapes and sizes, the geometry of a valve does not often lead 
itself to a simple set of rules. The only design criteria are given 
by API Specifications 6A and 16A, the main industry standards, 
stating the maximum allowable stresses as a percentage of the 
material’s specified minimum yield strength under normal 
working conditions and at hydrostatic test. 

These two values will always need to be considered as it 
cannot be assumed that the hydrostatic test is the most onerous 
condition unless it is stated that there are no external loadings 
on the equipment in the working condition. It has been found, 


for example, that the external loadings being transmitted to a 
christmas tree by its proposed flowline were so great that the 
design failed to comply with the allowable stresses. For this 
reason the certificates issued for well control equipment should 
detail the external loadings. Where none are justified that should 
also be stated. 

The simplest item to justify is the lubricator tube used on 
wireline operations. In addition, it can be seen from the sketch 
of the valve given in Figure 10 that the inlet and outlet branches 
are also simple parallel pipes. The valve shown has a circular 
body and can be justified using the following thickwall formula 
for hoop stress: 


se P(a? + b?) 
" (a? — b?) 


Pee 
A" (a? = b?) 
Op = —P 
where 6,, = hoop stress 


Oo, = axial stress 

SO, = radial stress 
a = outside diameter 
b = inside diameter 


For a complete analysis, additional values for axial and radial 
stress can be calculated. The complete justification would be to 
carry out these calculations at the hydrostatic test pressure and 
use von Mises or another distortion-energy/triaxial stress com- 
bination to produce one stress value limited to the material’s 
minimum specified yield strength, as follows: 


OF ae 3[(, _ On): ar (O, nm cay ats (Gp, = o,)7] 


where o,= equivalent stress 


Alternatively, if the cylinder is thin walled, i.e. thickness is less 
than one-tenth of the radius, use of the pressure vessel codes 
formulae can be used to calculate the required thickness for a 
given bore. 


= _-® AMSE VIII, Div. I, UG-27 
SE — 0.6P 
ea cee BS 5500, 3.5.1.2 
2f — p 
t=_——PD___—_ASME/ANSI B31.3, 304.1.2 
(SE + PY) 


tande = thickness 
p and P = pressure 
R inside radius 
D, = inside diameter 


where 


D = outside diameter 
S and f = allowable stress 
E = quality factor 
Y = temperature/material coefficient 


Any of these methods and many more can be used to justify 
the valve body provided it is circular. Similar methods also exist 
in the case of ball valves where the cavity is spherical. 

Where the cross section of the valve body is square or rectan- 
gular, this can be justified by the use of ASME VIII, Div. I, 
Appendix 13 or similar. Here numerous formulae are available 


Fig. 10 Simple Valve Body with Circular Bores 
and Valve Cavity 


for the various shapes. Calculating the membrane stresses for 
each side wall for, internal pressure and the stresses at the 
interaction between sides, and at the corners, and the bending 
stresses. 

Where the bores of the valve intersect with the body cavity 
this can be treated in a similar manner to nozzle compensation 
using area replacement as detailed in BS 5500, Appendix F; 
ASME VIII, Div. I, UG-37; ASME/ANSI B31.3, 304.3; etc. 

In these cases the cross-sectional area lost by creating the 
opening must be replaced by excess material, within defined 
limits, around that opening. 

The thickness at the bottom of the valve cavity can be cal- 
culated by the use of pressure vessel codes or from circular plate 
theory given in standard reference books, e.g. “Formulas for 
Stress and Strain” by Roark and Young. 

The following formula, with its equivalent from BS 5500, 
3.5.5.2.1, apply to circular unstayed flat ends but similar for- 
mulae are also given for non-circular ends. In addition to the 
formula, UG-34 details a number of configurations from which 
the most suitable factor, C, can be selected. 


t=d /& 


SE 


ASME VIII, Div. I, UG-34 


Finally on the simple valve, justification of the flanges must be 
considered. Provided they conform to the dimensions given in 
API Specifications 6A, 16A or ASME/ANSI B16.5 they can be 
considered acceptable for their respective internal pressure 
ratings. As an alternative the pressure vessel codes detail suit- 
able methods for flanges and their bolting arrangements. 

On the lubricator section the plain tube is terminated in a 
square thread similar to those shown in Figures 8 and 9. The 
connection to the next component is by a box/pin or male 
female arrangement with a quick union collar. The threaded 
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Section A 


Section B 


Fig. 11 
Bending Force = 


Collar and Pin End Assembly 


Force onC x X 


section can be analysed using the same method as the plain 
section but with the additional consideration of axial shear at 
the root of the thread. This is calculated by dividing the hydro- 
static end load by the area in shear, as follows: 


Area of ACME thread 
= nK,[0.5 + A x tan 144° (E — K,)] x L, 


where 
K, = maximum minor diameter of the internal thread 
P = pitch 


E = minimum pitch diameter of external thread 


Loy = length of engagement 

The collar has been found to be one of the most under 
designed components in the oil industry. Due to the way it is 
roughly treated in use, it has a high failure/leakage rate. This has 
been assumed to be due to misuse. However, since the require- 
ment to justify the design for service in the North Sea, it has been 
established that the heavy thread relief was occurring at the 
highest loaded point. 

By inspection of the collar in Figure 11, it can be seen that 
section A is in tension due to axial load. Section B indicates the 
area where a shear failure could occur. Section C is subject to 


e 


bearing load and is therefore highly stressed. Although these 
stresses would normally be considered significant, the bending 
stress due to the evenly distributed load on Section C acting 
about the centroid of the ring section is of such a high magnitude 
that the other stresses are neglible in comparison. This section is 
best analysed by the use of thin ring or plate theory similar to 
that detailed in Roark and Young, Table 24. 

During the past few years the major manufacturers of this 
type of collar design have removed the thread relief and/or in- 
creased the thickness in this area. 

As an alternative to using a flange or thread to terminate a 
component, the use of hub profiles and clamps has become more 
common. The clamp connection Is lighter in weight, more com- 
pact, requires less bolts and is quicker to assemble than a flange 
and as a result has proved to be more popular in all areas of the 
oil industry. 

One major design of this type of connection is detailed in API 
Specification 16A. Where these connections are used for 
pressure only, conformance to the dimensions given in the 
specification is sufficient justification. The alternative to this 
type of connection has a ring gasket in the bore of the hub and 
needs to be justified by using ASME VIII, Div. I, Appendix 24 
(originally Appendix Z) or other similar method. 
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Wellhead body 


HF, 


Connector 


Free Body Diagram 


hy Oe ee Fa sin Bes cos Bk 0 
F,(sinB + jtcos B) + pF, = F, 
F/=0 F, — cos B(F,) + sin B(F,) = 0 


F (cos B — psin B) = EF. 
Fig. 12 Free Body Diagram 


One item often encountered in a review of well control equip- 
ment is the latch type connector. It is not actually pressure 
retaining, but is used on subsea tree caps, wellhead connectors 
and many more types of fittings, relying on a latch type connec- 
tion to hold two components together. Figure 12 shows the first 
principles and calculation of a free body diagram where the 
resultant forces in both plains are zero for equilibrium. Fe being 
the locking force generated by locking screws or pistons in order 
to latch the components together. 

In all of the above, only the pressure has been referenced. 
However, this can only be considered to be true of a small 
number of items. Where fluid flow is involved there must also be 
a reaction. Even the simple valve will experience a force due to 
flow, and also due to bending by virtue of the weight of the 
pipework attached to it and so on. 


Where suitable pipeline design has been carried out correctly 
these resultant forces can be negligible but this is not always the 
case. 

A survey of all the flowlines on an offshore platform was 
carried out using a commercial software analysis program based 
on ASME/ANSI B31.3. The results showed that for every 
christmas tree, three forces and three moments about the three 
axes, X, Y and Z existed. Not one of the forces or moments was 
the same and therefore no simple justification existed. Lengthy 
analysis of the forces and moments was carried out to determine 
whether force X cancelled bending moment Y or added to it and 
if the moment X was a torque on the face of the valve etc. 

The final outcome was that several flowlines were modified to 
reduce the loading to an acceptable level. In addition two flow- 
lines were completely replaced. The whole operation took six 
months with a considerable loss of revenue. 

The use of commercial software for design justification is now 
commonplace. Figure 13 shows the results of a finite element 
analysis involving two API flanges with internal working 
pressure only in (a) and with the addition of bending in (b). The 
two shows the stress intensity and concentrations. It is also 
interesting to note the changes due to bending. 
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(b) Internal Pressure Plus Bendir 


(a) Internal Pressure 
Fig. 13 Finite Element Analysis of an A.P.I. Flange 


In addition to this form of analysis external loading can be 
justified from first principles. 


where 


I = second moment of area 
J = torsion constant 
M = bending moment 


T = torque 
y = radial distance to edge 
o = stress 


Tension and bending can be equated with stress using second 
moment of area etc. as above. With pipe or other circular sec- 
tions bending and tension can be converted to a pressure 
equivalent and this total pressure used in the standard formulae 
including flange and hub calculations. The following are derived 
from concentric circle geometry: — 


_ 16M 20 


g 
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where 


D = diameter 

M = bending moment 

P’ = pressure equivalent of bending 
P” = pressure equivalent of tension 
T = tension 


For the API flanges a Bulletin 6AF has been produced that 
details loadings for all 69 different geometrics. A graph for each 
detailing bore pressure verses bending and tension, is given so 
that the combined loading on a flange can be quickly checked to 
see if it is within the recommended limits. An example is shown 
in Figure 14. Similar graphs can also be produced for hubs and 
threads so that the capacity of an end connection can be deter- 
mined. 
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Fig.14 Graph of External Loading for an A.P.I. Flange 


With marine risers justification can only realistically be car- 
ried out by computer. API Bulletins 2J is a standard method of 
comparing the computer programs available. By using the in- 
formation in the cases given the results of the selected program 
can be compared with the tables given. 
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ie INTRODUCTION 


“An invitation to attend the tests has been given by Capt. 
Fleming who has in mind the Society’s increased concern with 
life-saving appliances under the 1948 Convention. 

I shall be glad if you will contact Messrs J. R. Fleming & Co 
Ltd., to discuss the matter and make such arrangements for a 
Surveyor to attend the tests as are considered suitable, as useful 
information for guidance in dealing with lifeboats may be 
obtained”’. 

Thus wrote the Secretary, London to the Secretary, Liverpool 


T September 1956. The firm in question, now no longer trading, 


were designers of the Fleming (Patent) Ships Lifeboat and 
mechanical propelling gear. The tests were being carried out in 
conjunction with the Ministry of Transport “‘with a view to 
investigating the effectiveness of buoyancy by tanks and solid 
materials, the stability of the lifeboat in the flooded condition, 
the righting of the upturned boat, and the means of freeing 
flooded boats of water”’. 

Some aspects of Lloyd’s Register’s involvement with the 
approval of lifesaving appliances have not, therefore, changed 
greatly over the years. Approval and testing still normally takes 
place in conjunction with national administrations, generally 
alongside other classification Societies and of course at the 
manufacturers invitation. The tests, too, have a familiar ring 
about them. 

The aim of this paper is to cover not only lifeboats but the 
approval and testing of other life-saving appliances including 
rescue boats, liferafts, immersion suits, thermal protective aids, 
lifejackets and lifebuoys, with some comments on the survey of 
existing boats in service. 

The general attitude to life-saving appliances is similar to that 
to life insurance, something which one feels one should have, 
but is expensive to buy and one hopes fervently will never be 
used. 

The requirements for the design, approval and testing of life- 
boats and appliances changed little from the advent of the 1948 
International Convention for the Safety of Life at Sea, through 
the 1960 and 1974 Conventions. Small, though, important 
changes and additions were made but the requirements were 
broadly stated and approvals were largely carried out by 
National Authorities, who had their own more detailed regula- 
tions and test schedules. The introduction of the 1983 Amend- 
ments to Chapter III of the 1974 convention has totally changed 
that. It has not only introduced totally new types of lifeboat, but 
also rescue boats, immersion suits, thermal protective aids and 
new requirements for liferafts, lifejackets and lifebuoys. Allied 
to this new legislation is the International Maritime Organisa- 
tion (I.M.O.) Resolution A521 (13) “Recommendation on 
Testing of Life Saving Appliances”’. 

These regulations and test requirements have been extended 
through clarifications and interpretations set out in various 
I.M.O. circulars. In fact they are constantly under review and 
Resolution A521 (13) is shortly due to be revised to take into 
account the experience gained since its publication in 1983. 

It was the introduction of agreed international test require- 
ments for all life-saving appliances, and some of the materials 
used in them, that enabled Lloyd’s Register to extend its area of 
approvals beyond the sphere of lifeboats, though lifeboats still 
form the largest part of the work. 


The headquarters department responsible for the approval of 
life-saving appliances is the Safety Equipment Section of Con- 
struction Services Department, Statutory Verification Services, 
though as with any other section this department relies upon 
help, assistance and advice from other areas of expertise such as 
Yacht and Small Craft, Lifting Appliances, Type Approval etc. 


2. LIFEBOAT APPROVAL PROCEDURES 
2.1 Works Approval 


When approached by a manufacturer with a request for 
Lloyd’s Register’s approval of his boat, the first survey the out- 
port surveyor becomes involved with is an inspection of the 
works, in just the same way as if he wished to build any other 
small craft to class. The basis for the inspection and acceptance 
of G.R.P. works is therefore similar to that of the Yacht and 
Small Craft Departments. 

I.C.D. the previous statutory department, also produced 
“Survival Craft Schedule of Tests on Prototype Craft” which 
remains for the most part relevant, but is becoming dated even 
though produced in October 1986, and is now in need of 
revision. This paper indicates certain of the necessary revisions. 

G.R.P. (glass reinforced plastic) is almost without exception 
the material used worldwide for lifeboat production. 

The one exception being a manufacturer in the Netherlands 
who produces aluminium free-fall boats. 

Works inspection covers the premises and facilities, such as 
separation of various work areas, ventilation, humidity and 
temperature control etc. The experience of both management 
and workforce should be investigated and last but far from least 
a good, formal quality assurance procedure should be in opera- 
tion. Lloyd’s Register has issued the “Quality Assurance 
Scheme for the Hull Construction of Small Craft” and this may 
be used as a basis for works acceptance for survival craft 
production, and indeed can form the basis for Q.A. procedures 
for the production of any life-saving appliance. Where LR has 
no previous experience with the works, it is expected that sample 
laminates should be produced, using the same materials and 
production procedures as will be adopted in the boat, and 
mechanical testing carried out to determine tensile and flexural 
modulus etc. The results obtained should generally be in com- 
pliance with the requirements set out in the Yacht and Small 
Craft Rules, though a reduction of about 10% may be accepted 
due to the deleterious effect of the additives which ensure the fire 
retardancy required of survival craft laminates. A suitable test 
of the fire retardant properties forms Appendix A to this paper. 


2.2 Material Approvals 


The quality of aG.R.P. laminate is dependent upon the resin, 
the mixing procedure, the glass reinforcement, the skill of the 
laminator, and the environmental conditions both during 
lamination and the subsequent curing. 

The works inspection and quality assurance procedures 
should ensure that the materials are correctly stored, prepared 
and used. The glass and resins should be approved by Lloyd’s 
Register, but resins approved by National Authorities or other 
major classification societies may be accepted provided the 
approval relates to survival craft not just G.R.P. products in 
general. 

It should be remembered that resins which have been 
approved in accordance with Yacht and Small Craft require- 
ments must also be tested for fire retardancy, as mentioned 
earlier. Glass materials should also be of approved types. 

A point to remember in works where yachts or other GRP 
products are produced, is that fire retardant resins should be 
segregated in the storage area to avoid accidental use of non- 
retardant resins in survival craft. 

Buoyant foam materials, whether polyurethane or P.V.C., 
should be tested in accordance with IMO Resolution A521 (13). 
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As stated previously, approval by another recognised authority 
may be accepted. 

A materials data sheet should be completed for prototype an® 
production craft to ensure they remain identical and the 
manufacturer should advise the surveyor should any change 
take place. The data sheets should be retained in the local office 
for record purposes. 

Metallic materials should be in accordance with Lloyd’s 
Register Rules for Yacht and Small Craft and care should be 
taken to ensure that the possibility of bi-metallic electrolytic 
action is kept to a minimum. It is not always possible to verify 
what materials are to be used in details of release gears etc., 
during the plan approval procedure and Lloyd’s Register relies, 
as always, upon the vigilance of the outport surveyor to ensure 
they are suitable for their task. 


2.3 SOLAS Requirements 


All plan approval is dealt with in headquarters, except in 
certain instances where designs have been updated or slightly 
modified, when approval may be authorised for designated plan 
approval offices. 

The aim of plan approval is to ensure the design conforms to 
the requirements of the regulations governing lifeboats, set out 
in SOLAS 1974 (As Amended) Chapter III. 

These regulations may be briefly summarised as follows:- 


Regulation 41 General Requirements covering:- 


— construction 

— carrying capacity 

— access 

— buoyancy 

— freeboard and stability 

— propulsion 

— fittings including hooks and release gear 
— equipment 

— markings 

Regulation 42 contains requirements for partially enclosed 
lifeboats for passenger ship use, a development of which are 
lifeboat/tenders. 

Regulation 43 covers self-righting partially enclosed boats, 
intended for cargo ships operating permanently within tropical 
waters. 

Regulation 44 applies to the largest group, that is totally 
enclosed lifeboats, with Regulations 45 and 46 covering air 
support and fire protected totally enclosed lifeboats. Free-fall 
lifeboats are specialised versions of totally enclosed boats with 
their own particular requirements and will be dealt with later. 

The plans and information to be submitted, therefore, must 
cover each of the foregoing topics, and the following brief notes 
are intended to point out those items which have proved conten- 
tious in the past or perhaps require further clarification. 


2.4 Regulation III/41: General Requirements 


The construction requirements do not specify scantlings and 
it is the builders responsibility to ensure the hull is capable of 
successfully surviving the required overload, drop and side 
impact tests. However, that is not to say that where a hull 
appears to differ significantly from the usual practice, Lloyd’s 
Register may comment or advise the builders that further con- 
sideration may be necessary. 

Detail design should follow good practice and guidance in 
this respect may be gained from the Yacht and Small Craft 
Rules. The design philosophy of lifeboats differs significantly 
from that of most other small craft being basically unstiffened 
shells and YSC scantlings are for stiffened hulls. It must be 
remembered that lifeboats spend their lives in davits and not 
afloat. 

Areas of high stress in way of skates, hook anchorages, etc 
should be suitably reinforced. A small point to note with an) 


to the anchorage of lifting hooks is that they should be through- 
bolted onto backing plates, so that the G.R.P. is sandwiched 
between two layers of steel. 

Doors must be arranged to allow quick access for crew and 
stretcher borne casualties. The sill height of the door above the 
design waterline should not be such as to impede the recovery of 
an unconscious person from the water, whilst at the same time 
it must meet with the minimum freeboard requirements of Re- 
gulation 41.5 

This brings us to a point with regard to the use of totally 
enclosed boats as rescue boats. The convention allows this 
provided the boat complies with Regulation III/47 as well as the 
lifeboat regulations. Certain administrations, however, feel 
strongly that a low freeboard after deck should be provided to 
assist in survivor recovery but this is by no means a general 
requirement. 

There are, indeed, strong arguments for not using any totally 
enclosed boat as a rescue boat due to restricted visibility and 
reduced manceuvreability, as compared with a dedicated semi- 
rigid or inflatable rescue boat. In addition, the considerable 
difficulties which may be encountered when trying to re-attach a 
relatively large and heavy boat to its falls in any sort of seaway, 
all serve to make compliance with Regulation 16.4 “Rapid 
recovery of the rescue boat” extremely difficult and hazardous. 
Totally enclosed boats are however used as rescue boats on the 
vast majority of ships and have been approved as such by many 
administrations worldwide, but some are now reconsidering 
their position in this respect and it is possible that changes will 
take place. 

In spite of the above comments, it must be agreed that an 
enclosed boat provides a much better environment within which 
to resuscitate a survivor after recovery from the water, and 
combat the effects of hyperthermia. 

Finally, the modern design of ships with accommodation 
further and further aft makes it increasingly difficult to accom- 
modate two boats in tandem without one being launched 
dangerously close to the propeller. 

Release gears for the hooks has become another area of 
disagreement between administrations. Regulation — III/ 
41.7.6.2.2 requires “‘an on-load release capability which will 
release the lifeboat with a load on the hooks. This release shall 
be so arranged as to release the lifeboat under any conditions of 
loading from no-load with the lifeboat waterborne to a load of 
1.1 times the total mass of the lifeboat when loaded with its full 
complement of persons and equipment. This release capability 
shall be adequately protected against accidental or premature 


e use”. 


Just how this ‘adequate protection’ is arranged is the main 
point of contention. Some leading manufacturers use gears 
incorporating a hydrostatic interlock which will only allow the 
release to operate with the boat afloat. If it should be necessary 
in an emergency to use the on-load release, the interlock must be 
overriden using special arrangements. Other systems utilise an 
hydraulic on-load release system which must be pumped-up to 
pressure before operation. Lastly, some systems only provide a 
locking pin which, when removed, allows the release to operate 
with the boat afloat or suspended. This has resulted in at least 
one serious accident. It is none the less approved by a major 
administration and has been accepted by Lloyd’s Register on 
the basis of that approval. 

In this case, it must be noted that the operation of the gear 
under load requires considerable force since the load on each 
hook is sufficient to produce considerable static friction, making 
it unlikely that the release lever could be moved without 
deliberate action. 

There are specific test requirements for lifeboat engines in 
Resolution A521 and engines must therefore be certified for use 
in survival craft. The machinery installation and electrical 
system should be generally in accordance with Yacht and Small 
Craft Rules. 

Most boats incorporate two banks of engine starting batteries 
which must be independent of the radio batteries, and charged 
by the ships supply and engine driven alternators. 

Most batteries today are of the “sealed for life’ type but older 
types remain in use and the ventilation of battery lockers still 


remains an extremely important consideration since loss of life 
has occurred due to the accidental ignition of hydrogen gas in an 
enclosed boat. 

The remaining items of Regulation 41 are, in the Author’s 
opinion, fairly clear and have caused few, if any, problems. 


2.5 Regulation I11/42: Partially Enclosed Lifeboats 


Partially enclosed boats include rigid canopies extending not 
less than 20% of the boat’s length from both the bow and stern. 
These canopies must incorporate hatches for access to the 
hooks. 

Between the fore and after canopies is a central spine to which 
is attached permanently rigged folding canopies which will com- 
pletely enclose the boat. 


Plate Ill A partially enclosed lifeboat and passenger tender 


These boats are not self-righting and, since they are intended 
for use on passenger vessels, are usually large boats with 
capacities ranging up to the maximum of 150 persons. In order 
to accommodate such large numbers, two tier seating is often 
required and the arrangements must comply with Regulation 
41.2.2. 

A specialised form of partially enclosed boat is the passenger 
lifeboat/tender. Paradoxically these boats are usually totally 
enclosed, though the canopy is non-water tight, in the strict 
sense with large access doors, and may require the provision of 
additional emergency escapes. 

They are often twin screw, with speeds of up to about 12 knots 
and therefore the hull forms are semi-planning or, is in one 
instance, catamaran. When being used as a tender to ferry 
passengers ashore, in those ports where the parent cruise vessel 
cannot come alongside, they should be provided with lifejackets 
for all on board and many administrations require lifebuoys in 
addition. It is also strongly recommended that a fixed fire extin- 
guishing system such as Halon or similar be provided in the 
machinery space, and a number of administrations insist on 
such arrangements. 

Whilst their appearance is very different from that of anormal 
lifeboat, one must not forget that their primary function is as a 
lifeboat complying with all the applicable requirements of 
Regulations 41 and 42. 

Regulation 42.5 provides for the accommodation of a 
radiotelegraph installation which is required by Regulation 
6.2.2. Unfortunately lifeboat radiotelegraph equipment is no 
longer manufactured and therefore alternative arrangements 
must be provided., This is usually V.H.F. radiotelephone 
apparatus but the introduction of the Global Maritime Distress 
and Safety Systems will probably result in the adoption of 
equipment compatible with this system. 


2.6 Regulation I11/43: Self-Righting Partially Enclosed Lifeboats 


It should be noted that as partially enclosed boats these are 
closely related to Regulation 42 boats 


Plate IV A catamaran lifeboat passenger tender at full speed 


These lifeboats are, however, intended for cargo ships, other 
than oil tankers, chemical tankers and gas carriers, which per- 
manently operate “under favourable climate conditions and in 
suitable areas” (Reg. 26.1.1.1). 

The major difference between the two types of partially 
enclosed boat is that the cargo ship version is self-righting due to 
buoyancy being incorporated in the forward and after canopies 
and the central spine between them. 

Since they are self-righting, seat belts must be provided at 
each seating position, to retain the occupants within the boat 
during capsize and righting, though as can be imagined such an 
experience is one most of us would prefer to avoid. 

To date, Lloyd’s Register has not been asked to approve this 
type of boat, since most ships operating permanently in tropical 
areas tend to be smaller coastal vessels which are equipped with 
rescue boats and liferafts in accordance with Regulation 26.1.3. 


2.7 Regulation II1/44: Totally Enclosed Lifeboats 


This is the most common boat which surveyors will be 
required to inspect, as it is fitted to all new cargo ships of more 
than 85m in length. Similar boats fitted with air support and fire 
protection systems are required on oil tankers, chemical tankers 
and gas carriers (see Section 2.8 and 2.9). 

Totally enclosed boats are provided with a rigid canopy over 
the full length of the boat, with access via side or stern doors, 
and additional access hatches to allow crew members to reach 
the hooks, fore and aft, and for ventilation. 

In order to provide an adequate all round view for the helms- 
man a form of tower is moulded into the canopy with windows 
or side scuttles in all four sides. The helmsman sits high in the 
hull with direct access to the steering wheel, engine controls, 
hook release gear, compass, etc. He is required to be provided 
with a seat belt in the same way as other members of the crew. 

In totally enclosed boats the seating is arranged fore and aft 
around the perimeter of the hull and suitable anchorages for seat 
belts and headrests are to be provided to absorb shocks during 
side impact. 

Larger boats include additional seating on the centreline and 
require strong brackets to absorb the loadings under test con- 
ditions. ““G” forces as high as 10 have been recorded in testing, 
which would make the IMO standard seamen of 75kg momen- 
tarily weigh 750kg. 

Windows or translucent panels should provide sufficient light 
to enable instructions on equipment etc., to be read without the 
assistance of artificial light, in any of the normal seating 
positions. 

Regulation 44.2.5 requires that “it is possible to row the 
lifeboat”. This is interpreted as the ability to make progress in 
smooth water. Normally two oars are provided and it is 


sometimes forgotten that it must be possible to deploy them T 


through the rowing ports or side doors without obstruction or 
decapitating the rest of the crew. 

The lifeboat should have adequate stability and as a rough 
guide a GM of 0.4m should be realised. This will be discussed in 
Section regarding the inclining experiment. 

The fully loaded boat must be self-righting in both the intact 
and damaged condition when holed below the waterline and 
flooded. The damaged boat should, in the event of capsize, 
“automatically attain a position that will provide an above 
water escape” which in practice means it must achieve a near 
upright condition. It would be impossible for the crew to release 
seat belts and evacuate the flooded boat in anything other than 
an upright or near upright position. 

The engine and gear box casing should not only be fire-retar- 
dant but sound proofed, so that helmsman’s orders may be 
heard by all on board. 

Boats designed for davit launching must be provided with 
adequate fenders to absorb some of the side-impact forces and 
also to allow the boat to be launched against an adverse list of 
20°. Means must be provided for releasing these fenders once the 
boat is launched. 


2.8 Regulation [11/45: Lifeboats with Self-Contained Air Support 
Systems 


Lifeboats to be fitted on ships carrying chemical or gas car- 
goes which may emit toxic vapours require an air support sys- 
tem capable of maintaining positive pressure within the boat for 
a period of 10 minutes with all the crew on board and the engine 
running at normal speed. The system would usually consist of 
two or three 50 litre (water capacity) cylinders of air at 200 bar 
pressure with suitable reducers on the supply side. The cylinders 
and pressure fittings should be manufactured and certified in 
accordance with a suitable national or international standard 
such as ISO. 

The pressure within the boat should not exceed 20mbar nor 
should it fall below atmospheric pressure, when the air is 
exhausted. Some form of pressure/vaccuum valve must 
therefore be incorporated within the canopy. 
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Plate V_ A totally enclosed fire protected boat undergoing the full 
scale fire test 


2.9 Regulation III/46: Fire-Protected Lifeboats 


Lifeboats to be fitted on oil tankers, chemical tankers and gas 
carriers carrying cargoes having a flashpoint not exceeding 60°C 
must have a fire protection system. 

The system should consist of an engine driven pump supply- 
ing a distribution system to provide a constant film of water, not 
less than 0.6mm thick, over the entire above water hull surface. 
The system must allow for the disruption of the flow caused by 


eS hatches, handrails and other fittings on the hull. As a rough 


Plate VI The same boat immediately after the fire was extinguished 
showing some blackening but no damage 


guide, the pump and system should be capable of a throughput 
of about | tonne/sq.metre/hour of the above water area. 

Care should be taken with the design of the system to ensure 
the water is not distributed in such a manner or pressure that it 
rebounds from the canopy rather than forming a film covering 
the surface. The full scale fire test will show up any weakness in 
the system. 


2.10 Prototype Testing of Lifeboats 
Resolution A521 (13) Part 1, Section 6 


As stated in the introduction, I.M.O. adopted in November 
1983, Resolution A521 (13) “Recommendation on the Testing 
of Life-Saving Appliances” which, as the title indicates, covers 
the test requirements for all life-saving appliances but Part 1, 
Section 6 for lifeboats will be discussed first. At the same time, 
the various clarifications which have been published in the 
I.M.O. Maritime Safety Committee Circulars MSC/Cire 444, 
509 and 510 will be incorporated and those parts, which may be 
modified with the revision of the resolution, will be indicated. 

Taking the tests in the order of the resolution, the following 
comments are made: 


(1) 6.1 Strength test. 

This test requires that it “be demonstrated that the 

lifeboat has sufficient strength to enable it to be lowered 

to the water when loaded with a distributed mass equal 
to the boat’s full complement (each of 75kg) and equip- 
ment” and also that it can be “launched and towed at 

a speed of up to 5 knots”’. This test is principally a test 

of the hooks and their anchorage to the boat. 

The hooks when fitted in the boat should be sub- 
jected to a load of 2.2 times the mass of the full com- 
plement and equipment (See also 6.4). 

In addition they should be subjected to the following: 
(a) A force, as a function of the towing strain (force 

necessary to tow the boat at a speed of 5 knots), 
should be applied to the hook in the lengthwise 
direction of the boat at an angle of 45° to the 
vertical. This test may be carried out in the aft as 
well as the forward direction, depending on the 
design of the release hook. 

(b) A force, equal to the weight of the fully equipped 
lifeboat loaded with weights equal to the mass of 
the number of persons for which the lifeboat is to 
be approved, shall be exercised on the hook in the 
athwartships direction at an angle of 20° with the 
vertical. This test may be carried out to both sides. 

(c) A force should be applied to the hook in a direc- 
tion halfway between the positions of tests (a) and 


(ii) 
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(iv) 
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(b), within the ellipse segment formed by (a) and 

(b) i.e. at an angle of 224° fore and aft, 10° P&S 

etc. The force applied should be a function of for- 

ces (a) and (b), reduced, as appropriate, owing to 

the lifeboat being waterborne. The test (c) may be 

carried out in four positions. 

It may be easier to visualise this test if one considers 
a lifeboat being launched with the parent vessel still 
making 5 knots headway. This will impose forces on the 
hook not only in the fore and aft direction but also 
athwartships. Test (a) therefore is a simple pull at 45° to 
the vertical along the line of the boat’s centreline, test 
(b) is an upward pull 20° from the vertical at right 
angles to the boat’s centreline and, finally, test (c) 
covers various intermediate angles on an arc 10° to the 
vertical, port and starboard, and at angles between 90° 
and 45° from the horizontal. Tests (a), (b) and (c) will 
normally be workshop tests on the prototype hook 
rather than on a hook fitted to the boat. 
The tests on the forward painter release should be 

similar to (c) above. 


6.2 Material test 


A suitable test for determining the fire-retardant char- 
acteristics of the laminate is provided in Appendix A. 


6.3 Stability test 


It should be demonstrated that the lifeboat has positive 
stability in the water when loaded with a distributed 
mass equal to 75kg per person plus the boat’s equip- 
ment. This is proven by a normal inclining experiment 
and the metacentric height should not normally be less 
than (0.05B2-0.05B + 0.2) metres, where B is the 
breadth in metres. The damage stability should also be 
proven, with the boat flooded due to being holed in any 
one position below the waterline assuming no loss of 
buoyancy. A crude, but none the less effective method, 
is for a person standing on the gunwale to rock the boat 
fairly vigorously, although there is no established 
criteria for this. 

If damage to different locations in the boat results in 
differing flooding conditions then the test must be 
repeated for each condition. 


6.9 Freeboard and stability test 


Regulation 41.5 requires that when the lifeboat is 
loaded with 50% of its complement on one side of the 
centreline, to heel the boat, then the minimum 
freeboard shall be 1.5% of the boat’s length or 100mm, 
whichever is the lesser, the freeboard measured to the 
lowest opening which would flood the boat. The 
freeboard requirement is based on a boat with doors on 
the side near the gunwale. Some totally enclosed 
lifeboats have neither side openings nor a gunwale, 
which prevents determination of a freeboard. Such 
lifeboats should be limited to a heel of 20° under the 
loading conditions prescribed or, in the intact and fully 
loaded condition, such lifeboats should have a righting 
arm (GZ) of at least 0.2m at 45° of heel. 


6.4 Lifeboat overload test 


The unloaded craft should be placed on blocks or 
ideally suspended from the lifting hook, and sights 
erected for recording keel sag. 

The applied test load ““T” total load on hooks equal 
to the weight of the boat plus twice its working load and 
obtained as follows:- 


(vi) 


T = (2 x W) — B (for G.R.P. Craft) 
T = (1.25 x W) — B (for steel or aluminium craft) @ 
where: 

T = (1.25 x W)-B 


Weight of Empty Craft =B 
Weight of Equipment = E 
Certified Number of Persons =C 

Total = W 


The craft should be loaded with weights, evenly 
distributed, representing incremental overloads of 
25%, 50%, 75% and 100% of the total mass of the 
number of persons, for which it is to be approved, at 
75kg per person, and its equipment. Weights should 
be so disposed as to represent the loading of the craft 
in its service condition, but they need not be placed 
300mm above the seats to represent the centre of 
gravity of the seated persons. The wieghts for the 
various overloads should be correspondingly dis- 
posed. For this reason testing by filling with water 
should not be accepted, as this method does not give 
the proper weight distribution. 

Parts of the machinery may be removed in order to 
prevent their damage and weights added to the craft 
to compensate for the removal of such parts. 

Measurement at full load, 25%, 50%, 75% and 
100% overloads should be recorded as follows:- 


(1) Deflection of keel amidships, 

(2) Change of length as measured between the top of 
stem and stern posts, 

(3) Change in breadth over the gunwale at the quar- 
ter length forward, amidships and the quarter 
length aft; and 

(4) Change in depth measured gunwale to keel. 


The keel deflection and change in breadth as recor- 
ded above should not exceed 1/400th part of the 
craft’s length when the craft is subjected to 25% 
overload and the results at 100% overload should be 
approximately in proportion to those obtained at 
25% overload. For example, for a keel or gunwale 
deflection at 25% overload of 16mm, the deflection 
of the keel or gunwale at 100% should not exceed 
approximately:- 


16 x 200 
125 


The weights should then be removed and dimensions 
of a G.R.P. craft checked. No significant residual 
deflection should result. Any permanent deflection 
as a result of these tests should be recorded. Such 
measurement should be taken after a suitable lapse 
of time sufficient to permit the G.R.P. construction 
to recover to its original form, i.e. approximately 18 
hours. In practice most boats return to their original 
dimensions in a much shorter time. 

A lifeboat constructed in steel or aluminium 
should be submitted to an overload of 25% as above. 
The weights should then be removed and dimensions 
of the craft checked. No significant residual deflec- 
tion should result. 


= 25mm. 


6.5 Lifeboat impact test 


The fully equipped craft, including engine, should be 
loaded weights equal to the mass of the number of 
persons for which the craft is to be approved and with 
skates or fenders, if required, in position. With the craft 
in a free hanging position, it should be pulled sideways 
through an arc to a position that will ensure that, upon 


Plate Vil The 3.5 m/sec side impact test in progress; note the large 


release, it will impact against a rigid vertical surface at 
a velocity of 3.5 m/s. No damage should be sustained 
that would affect the craft functioning efficiently. In the 
case of self-righting partially enclosed and totally 
enclosed survival craft, measurements should be taken 
of acceleration forces at different positions within the 
craft to determine acceptability. 


fenders on this 132 person boat 


After the test, the craft should be emptied and 
examined internally and externally for damage. The 
engine should be started, run ahead and astern to check 
for any machinery malfunction. Any damage found 
should be reported to H.Q. immediately for considera- 
tion unless it is of a minor nature. 

In order to ascertain the distance ‘x’ that the lifeboat 
or rescue boat is to be hauled off the vertical surface, the 
following formula should be used:- 


x = 0.79 V2L — 0.624 


where ‘L’ is the radius of swing measured to the lifting 
hook centres — normally 6 metres 

There has been considerable discussion at I.M.O. as to 
what represented an acceptable acceleration force. This 
finally culminated in MSC/Cire 509, in respect of davit 
launched craft, and MSC/Cire 510 in respect of free-fall 
launched craft. The resulting formula for davit launch 
is as follows:- 


NAGI SEAM eae St 


Where: g. is the acceleration in the eyeballs in/out 
direction (back/front-to-impact); 
g, is the acceleration in the eyeballs to side 
direction (side-to-impact); 
g, is the acceleration in the eyeballs up/down 
direction (head/seat-to-impact); with g, and g, 
being measured at the same instant of time. 
The requirements for free-fall boats will be dealt with 
separately. 

The important practical points arising from the 
impact test are the requirements for adequate head and 
back protection to prevent injury. The seat belts should 
be capable of preventing the torso from falling forward 
and hold a person of 100kg securely in place during 
impact. 

A major difficulty, which arose in some parts of the 
world, was in obtaining suitable anthropomorphic 
dummies. There are dummies articulated as closely as 
possible to the human frame, and may be familiar to 


— 
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those who have seen photographs of automobile crash 
tests. These dummies were connected to suitable 
acceleration recording equipment and used to measure 
the “G” forces incurred during side impact tests. These 
are no longer required and Annex 2 of IMO Circular 
509 requires that accelerometers be securely mounted 
to a rigid part of the structure. 


6.6 Drop test 


The fully equipped craft, including engine, should be 
loaded with weights equal to the mass of all persons for 
which the craft is to be approved. The craft should then 
be suspended above the water so that the distance from 
the lowest point of the craft to the water is 3 metres. The 
craft should then be released so that it falls freely into 
the water. No damage should be sustained that would 
render the craft unserviceable. 


Plate VIII 


The 3 metre drop test making a splash 


The craft should be emptied and examined internally 
and externally for damage. The engine should be star- 
ted and run ahead and astern to check for machinery 
malfunction. Any damage found should be reported to 
H.Q. immediately for consideration. 

It should be remembered that the criteria for non- 
acceptance of any damage arising from the test is “that 
it would render the craft unserviceable’, which, in 
theory, could mean fairly extensive damage but if it is 
more than minor internal fractures at “hard points”, or 
external damage to the gel coat then consideration 
must be given to additional stiffening, softening of hard 
spots or more effective fendering. Any damage is to be 
carefully investigated to ensure that there are no hidden 
defects masked by more obvious ones, so that, when 
repaired the boat does not contain any latent defects. 


6.7 Lifeboat seating strength test 

The seating should be loaded with a mass of 100kg in 
each position allocated for a person to sit in the 
lifeboat, and should be able to support the loading 
without permanent deformation or damage. 


6.8 Lifeboat seating test 

The craft should be fitted with its engine and all its 
equipment. The number of persons for which the craft is 
to be approved, each having an average mass of at least 
75kg and all wearing lifejackets and any other essential 
equipment required should then board the craft and be 
properly seated within a period of 3 minutes in the case 
of a craft intended for a cargo ship, and as rapidly as 
possible in the case of a craft intended for a passenger 


Plate X_ A partially enclosed boat with a fully loaded 25 person life- 
raft in tow 
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ship. The craft should then be manoeuvred and all 
equipment on board tested to demonstrate that it can 
be operated without difficulty or interference with the 
occupants. In some parts of the world it may be difficult 
to find 40 or so people with an average mass of at least 
75kg. Then the Surveyor must ensure that each of the 
smaller occupants has ample room and that they are 
well spread out. 

Each seating position shall be clearly indicated in the 
craft. 

The surfaces on which persons might walk should be 
visually examined to determine that they have a non- 
skid finish, and the headroom complies with Regula- 
tion 41.1.7. 


Survival Craft Rowing Test 


It is required to be demonstrated that sufficient 
buoyant oars and associated fittings are provided to 
enable the survival craft to make headway in calm seas. 


6.9 Lifeboat freeboard and stability test 


Has been dealt with together with test 6.3, because in 
normal practice the two tests are carried out sequen- 
tially. 

6.10 Release mechanism test 


The lifeboat with its engine fitted should be suspended 
from the release mechanism just clear of the water, and 


the boat loaded with a mass such that the total mass 
equals 1.1 times that of the lifeboat’s total complement 
and equipment. 

Upon operation of the mechanism, the falls should 
release simultaneously without any sign of binding, or 
damage to the boat and mechanism. Mechanisms 
having hydrostatic interlocks will require these to be 
overridden to carry out the test. With the boat afloat 
and no load on the hooks, the release should again 
function smoothly and simultaneously. 

The painter release should be operated with the boat 
being towed ahead at 5 knots. 


6.11 Lifeboats buoyancy test 


Strictly speaking this should be called a buoyancy 
material test. Samples of the material should be subjec- 
ted to the following tests which should be carried out 
on six specimens of the buoyancy material proposed. 
These specimens should be cubes of 150mm edge 
length. It has been found advisable to provide more 
than the stipulated six specimens to be sure of com- 
pleting all the listed tests. 


Test for stability under temperature cycling 


The specimens should be alternately subjected for 8 

hours to surrounding temperatures of +65°C-30°C. 

These alternating cycles need not follow immediately 

after each other and the following procedure, repeated 

for 10 cycles, is acceptable: 

(1) A 8 hour cycle at +65°C to be completed in one 
day, 

(2) the specimens removed from the warm chamber 
that same day and left exposed to ordinary room 
conditions until the next day, 

(3) a8 hour cycle at —30°C to be completed the next 
day; and 

(4) the specimens removed from the cold chamber that 
same day and again left exposed under ordinary 
room conditions until the next day. 

The dimensions of the specimens should be recorded at 

the end ofa 10 cycle period. The specimens must also be 

carefully examined and should not show any sign of 
external change of structure or mechanical qualities. 

Two of the specimens should be cross-sectioned and 
should not show any sign of internal change of struc- 
ture. 

Four of the specimens should be used for water 
absorption test; two of which should be tested after 
they have been subjected to the high octane petroleum 
spirit test described below. 


Tests for water absorption 


The tests should be carried out in fresh water and the 
specimens should be immersed for a period of 7 days 
under a 1.25 metre head of water. 

The tests should be carried out in the following 
specimens:- 
(1) Two specimens as supplied. 
(2) Two specimens which have been subjected to the 
temperature cycling as described above and 
Two specimens which have been subjected to the 
temperature cycling followed by the high octane 
petroleum spirit test, as follows:- 
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Two specimens should be immersed for a period of 
14 days under a head of 100mm of: 


(i) Crude Oil 
(ii) Fuel Oil 
(iii) Diesel Oil 


(xiv) 
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(iv) High octane petroleum spirit 
(v) Kerosene 
The dimensions and weights of the specimens should be 
recorded at the beginning and end of each of these tests. 
The tests should be carried out at an accredited 
independent laboratory and the results forwarded to 
H.Q. 
Buoyancy materials can of course be approved and 
certified, in the same manner as resins and glass, as a 
separate item. 


6.12 Lifeboat operational test 


The test as shown under this heading includes the test- 
ing of the engine, for use in survival craft, but these 
have been omitted at this point, as the engine will nor- 
mally be certified as a separate item, and only those 
tests required after fitting are described below. 

Operation of engine and fuel consumption. 

The craft should be loaded with weights equal to the 
mass of its equipment and the number of persons for 
which the craft is to be approved. The engine should be 
started and the craft manoeuvred for a period of at least 
4 hours to demonstrate satisfactory operation. It 
should be demonstrated that the craft can tow a 25 
person liferaft when loaded with the number of per- 
sons, for which it is to be approved and its equipment 
at a speed of 2 knots. The craft should be run at a speed 
of not less than 6 knots for a period which is sufficient 
to ascertain the fuel consumption and to establish that 
the fuel tank has the required capacity. Fire-protected 
boats must also be capable of 6 knots with the water 
spray pump in operation. 

Sea trials must also establish the astern performance, 
and steering tests to port and starboard are of par- 
ticular importance if the boat is to be considered as a 
rescue boat. | 

All other equipment should be verified as satisfac- 
tory including battery charging facilities, internal and 
external lights, bilge pump and non-electric engine 
starting arrangements, if provided. 

Tests should be carried out to prove survivor 
recovery arrangements to comply with 41.3.3 and 
41.3.4. 

A visual check should confirm the retro-reflective 
tape the markings externally, marking of seating 
positions and that clear instruction labels covering the 
operation of the boat and stowage of equipment, are 
posted in appropriate positions. 

The manufacturers should provide both operating 
and maintenance manuals for the boats. These may 
prove useful to Surveyors in the conduct of S.E. annual 
surveys by providing guidance on the operation of 
release gears, air-support and fire-protection equip- 
ment. 

Modern lifeboats are much more complex than ear- 
lier versions and as such much greater demand on the 
Surveyor during construction and testing. Time may 
show that this demand will become even heavier after 
the boats have been in service for a few years. 


6.13 Lifeboat light test 


This refers to the light required by Regulation 41.7.10, 
which is a manually controlled light, fitted on top of the 
canopy emitting a steady or flashing light, and will 
normally be certified separately. 


6.14 Canopy erection test 


With partially enclosed or self-righting partially 
enclosed craft, loaded with the number of persons for 
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which it is to be approved, it should be demonstrated 
that the canopy can be easily erected by not more than 
two persons. In the case of the self-righting partially 
enclosed craft, two persons should erect it in not more 
than 2 minutes. The folding canopies normally slide 
down in grooves or tracks built into the end canopies 
and are secured to cleats using elasticated cord to 
enable it to be loosened rapidly, in the event of a cap- 
size. 


6.15 Self-righting partially enclosed and totally enclosed 
lifeboats 


In addition to the tests prescribed in Paragraph 6.3, 
self-righting partially enclosed and totally enclosed sur- 
vival craft should be subjected to the following tests:- 


6.15.1 Survival Craft Self-Righting Test 


The equipment should be secured in the craft in the 
normal operating position. Masses representing each 
person having an average mass of 75kg should be 
secured at each seat belt position with its centre of 
gravity approximately 300mm above the seat, so as to 
provide the same effect on stability as when the craft is 
loaded with the number of persons for which it is to be 
approved. Using a suitable means of rotating the craft 
about a fore and aft axis (usually a crane), the craft in 
the enclosed mode should be incrementally turned to 
angles of heel up to, and including, 180° and should, on 
being released, always return to the upright condition 
without the assistance of the occupants. The test should 
be repeated in the light condition. The engine, unless 
arranged to stop automatically when inverted, should 
be running in neutral at the beginning of this test and 
no water should enter the engine. The engine should 
continue to run, when inverted, and for 10 minutes 
after being righted. If arranged to stop automatically it 
should be easily restarted. 

In the case of a self-righting partially enclosed craft, 
this will be done after the water has drained from the 
craft, and then run for at least 10 minutes. 
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Plate XI The self righting test on a totally enclosed boat 


6.15.2 Survival Craft Flooded Capsizing Test 
The craft should be flooded with water and all en- 
trances and openings allowed to remain open. Using a 
suitable means of rotating the craft about a fore and aft 
axis to any angle of heel, the craft should be turned to 
an angle of 180° and then released. 

The craft should attain a position that provides an 
above-water escape for the occupants. For the purpose 
of this test, the mass and distribution of the occupants 
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may be disregarded, whilst the equipment, or 
equivalent mass, should be secured in the craft in the 
normal operating position. 

A point to note here is ‘the mass and distribution of 
the occupants may be disregarded’. It is recognised that 
there is validity in carrying out a test in the fully loaded 
condition and if such a test is offered it should also be 
reported. Where a test in the loaded condition is not 
carried out, calculations should be submitted to show 
that above-water escape is achieved in that condition. 

Whilst this does not require the boat to return to an 
upright condition, common sense dictates that the 
occupants must be in a position to release seat belts and 
evacuate the boat in an orderly manner, which requires 
at least a near upright situation. 

6.15.3 Engine inversion test 

This test will normally be part of the engine certifica- 
tion programme, rather than the boat testing require- 
ments. The test is fairly straight forward. The engine is 
rotated through 360° in each direction, stopping and 
restarting at each stage. No overheating or other defect 
should arise during the test and the engine is to be 
stripped for examination upon completion. 

Test 6.15.4 is a free-fall test and this will be covered 
when looking at free-fall boats. 


6.16.1 Air supply test, applicable to Regulation 45 
lifeboats 


All entrances and openings of the craft should be 
closed, the air supply to the inside of the craft turned on 
and the engine run at full speed for a period of 10 
minutes. During this time the atmospheric pressure 
within the enclosure should be continuously monitored 
to ascertain that a small positive air pressure is main- 
tained within the craft and confirm that noxious gases 
cannot enter. Even if the engine should stop, the inter- 
nal air pressure should never fall below the outside 
atmospheric pressure nor should it exceed it by more 
than 20 mbar during the test. It should be confirmed 
that, when the air supply is depleted, automatic means 
are activated to prevent dangerously low pressures 
developing within the craft. 


6.17 Fire-protected lifeboats (Reg 46) 


The full scale fire test is the most spectacular one 
undertaken and also the most severe. The craft should 
be moored in the centre of an area which is not less than 
5 times the maximum projected plan area of the craft, 
with boundaries capable of completely retaining the 
fuel. Kerosene, approximately 4000 litres in total, 
should be floated onto the water surface which when 
ignited will sustain a fire which completely envelopes 
the craft for a period of 8 min. 

The engine should be run at full speed throughout 
the test but the propeller need not be turning. The air 
and fire protective systems must be in operation and 
monitored carefully. 

The kerosene should be ignited. It then usually takes 
about a minute for the boat to become completely en- 
veloped in flames at which time the 8 minutes period 
should be commenced. 

The temperature should be recorded at not less than 
10 positions on the inside surface and internally, away 
from the inside surface, at not less than five positions 
that would be taken up by the occupants. The positions 
of such temperature records should be agreed before 
the test takes place. The method of temperature 
measurement should allow the maximum temperature 
to be recorded. 

The external surface temperature and temperatures 
within the fire should be recorded. 
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The inside atmosphere should be continuously sam- 
pled and representative retained samples analysed for 
the presence and quantity of both essential, and toxic, 
or injurious gases or substances. The analysis should 
cover the range of anticipated gases or substances that 
may be produced, which may vary according to the 
materials used and the fabricating techniques em- 
ployed. 

The pressure inside the craft should be continuously 
recorded in order to confirm that a positive pressure is 
being maintained inside the craft. 

At the conclusion of the test the condition of the craft 
should be such that it could continue to be used in the 
fully loaded condition. 

There is a note added to this test which states:- 
“Note: The Administration may waive this test for any 

totally enclosed craft which is identical in con- 
struction to another craft which has success- 
fully completed this test, provided the craft 
differs only in size, and retains essentially the 
same form. The protective system should be as 
effective as that of the craft tested. The water 
delivery rate and film thickness at various loca- 
tions around the hull and canopy should be 
equal to or exceed the measurements made on 
the craft originally fire tested.” 
This paragraph was later modified to read “‘Measure- 
ment of either water film thickness or water delivery 
rate”. Both of these methods have been used success- 
fully and film thickness seems more popular in China, 
Japan and Korea with delivery rates often used in 
Europe. 

A minimum film thickness of 0.6mm has successfully 
withstood the fire test and this results in a delivery rate 
of approximately | tonne/sq. metre/hour for the above 
water surface area. 

Temperatures of about 1100°C in the flames have 
been recorded, but the water film successfully reduces 
the boat internal surface temperature to 90°C whilst the 
air temperature inside rarely rises above 40°C. 

Boats often show signs of blackening but on tests 
carried out so far have rarely suffered serious damage, 
except in one case where debris picked up by the spray 
pump resulted in a local blockage of a spray nozzle 
causing associated local burning of the laminate, 
though even in this case the damage was not critical. 

Attention should, therefore, be paid to screening the 
pump suction to avoid such an occurrence. 


6.17.2 Water spray tests 

Logic tells us that these tests should be carried out 
before the full scale fire test not after, but this is the 
order in which they appear in the resolution. The tests 
are as follows:- 


Spray fire-protection system function test. 

Start the engine and spray pump. With the engine run- 
ning at its designed output, measure the R.P.M. of the 
engine and the pump and the pressure at the suction 
and delivery side of the pump to obtain the rated values 
of speed and water pressure. 


Spray test when inclined. 

Successively trim the craft 5° by the head and 5° by the 
stern, and heel it 5° to port and 5° to starboard. In each 
condition run the pump at the rated speed and measure 
the pressure at the suction and delivery side. The 
pressure obtained in each condition should be satisfac- 
tory and the spraying condition observed such that the 
spray film covers the whole surface of the craft. 


Plate XII A Free-fall launch sequence 
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A) Clearing the ramp 


E) Surfacing 


2.12 Free-fall Lifeboats 

If as stated at the beginning, life-saving appliances are akin to 

life insurance, then some people may agree that one should 

check one’s life insurance before using a free-fall boat. Most 
eople have strong reservations about using free-fall boats but 
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B) Free-fall 


F) Clear and underway 


once they have undertaken a few tests they become, at least in 
the Author’s experience, enthusiasts for the idea. 

Free-fall boats were developed in the late 70’s and early 80’s, 
though earlier designs existed. The idea was to provide a safe 
and rapid means of embarkation, launch and clearance from a 


damaged ship as far as posstble from tank deck explosions or 
fires ete. 

A normal launch, using davits and falls, poses considerable 
problems with a ship listing, heaving and rolling. The shape of 
the hull aft, the length of the falls, timing the release in heavy 
seas etc., all represent hazards to a safe launch. 

A free-fall boat rapidly clears the ship within a few seconds 
and is almost unaffected by heel and trim, and wave height only 
effects the height of the drop. The rapid change of attitude of the 
boat during launch and impact is perhaps uncomfortable but 
this is very short lived and, surprisingly, the acceleration forces 
acting on the occupants are generally lower than those experien- 
ced during side impact and drop. testing of a conventional boat. 

A free-fall boat is somewhat different from its davit launched 
counterpart. It must have sufficient strength to withstand the 
launching forces, the hull form must provide minimum accelera- 
tion forces at impact allied to all the normal requirements of 
stability, etc, of Regulation 41, 44, 45 and 46, as applicable. 

Several factors have a bearing on the design of free-fall boats 
including launch height and angle, hull form including L/B 
ratio, bow angle of entry, deadrise, weight and volume, intact 
and damage stability, internal arrangements and seating. 

The launch angle is normally 30° to the horizontal but tests 
must show it is also satisfactory when trimmed 10° either way, 
i.e. is launch angles of 20° and 40°, and listed 20° either way. 

The normal L/B ratio is between 3.5 and 4.0. The hull is fairly 
fine forward to provide a smooth entrance and the angle of the 
boat at impact is about 60°, although this is influenced by the 
length of the launch trackway, the launch height and angle of 
trim of the parent vessel. 

Upon impact, the boat is rapidly but smoothly decelerated 
during immersion and returns to the surface, as the centre of 
buoyancy moves aft, bringing the bows up, while still retaining 
some forward motion away from the casualty. 

The requirements for free-fall boats have been clarified with 
the issue of IMO Maritime Safety Committee MSC/Cire 510. 
To adequately cover this and other requirements would require 
a paper in its own right. Brief comments only are included in this 


paper. 


Construction 

Individual seats are to be provided capable of supporting 100kg 
during launch from the certified height. The seat must provide 
full support for the head, torso and thighs. 

The boat shall have sufficient strength to support a mass of 1,5 
times the fully loaded boat whilst supported by its launching 
device and, in addition withstand the forces acting upon it 
during free fall launching from 1.3 times the certified height 
whilst loaded with a mass equivalent to the boats equipment and 
full complement. 

The engine must operate in the normal stowed position as per 
Regulation III 41.6.3. 

The steering and propulsion systems must withstand free-fall 
launching from 1,3 times the certified height. 

Regulation III/41.7 applies except III/41.7.6, 41.7.7 and 
41.7.9. 

This means that the equipment remains the same but the 
release systems are different. 

The becketed buoyant lifeline outside the boat may be 
omitted but some other means must be provided to enable a 
survivor to cling to the boat. 

Regulation II1/44 applies except 44.2.5 (Oars not Required) 

Seat belts must secure a 100 kg person in all directions during 
a launch or possible capsize. 

Side impact requirements do not apply to free-fall boats. 

Acceleration forces and test requirements are extensive and 
details of the test programme should be submitted by the builder 
in good time. 

The requirements to launch against adverse list and trim are, 
of course, applicable to free-falls, but a number of other criteria 
and clarifications appear in the circular covering release gears, 


Plate Xill 
harnesses; note the steps provide access with boat stowed at 30° 


The interior of a free-fall lifeboat showing the seats and 


launch and recovery arrangements using davits/cranes and falls 
etc. 

Regulation III 48.2.4 and III 48.2.6 are not applicable (hand 
recovery gear and launch speed). 

The test requirement for prototypes are all based on 1.3 times 
the certified height, that is 1.3 times the height from which the 
boat is designed to operate. 

Model testing may be substituted for some full scale tests, 
though full agreement has not been reached on correlation fac- 
tors, and difficulties have arisen when carrying out model tests 
due to the excessive influence of the umbilical carrying the cables 
for monitoring acceleration forces. 

Model tests can also indicate the length of track required to 
achieve a good entry engle for the boat in relation to the certified 
height. Obviously the greater the certified height then the greater 
the speed off the end of the ramp which is required to prevent the 
boat entering the water vertically and resurfacing stern first like 
a cork. The aim must always be to achieve an entry angle which 
reduces the forces acting upon the occupants and retaining good 
forward speed as the boat re-surfaces. 

Where a test ramp is not available, and this is a problem where 
launch heights in excess of 12 or so metres are involved, then 
vertical drops at a keel angle equal to the design entry angles. 
This again can be validated using model tests. 

It must be emphasised that, at this point in time, the correla- 
tion of free-fall model testing and full scale testing is very much 
in the development stage and a good deal of work remains to be 
done before the results of model testing can be used with n® 


same sort of confidence as those obtained from towing tank 


ests. 
e) Whilst it remains the builder’s responsibility to ensure his 
oat provides adequate strength, it may be necessary for Lloyd’s 
Register to develop some guidance notes for free-fall boats as 
their production becomes more widespread. 
Offices involved with free-fall boat manufacture should en- 
sure they have copies of IMO MSC/Circ 444 and 510 and these 
may be obtained from HQ if not locally available. Since this is 


still a developing field the outport surveyor’s contribution is of 


particular importance in gathering the views of administrations 
and builders, with whom they are in contact, and their own 
comments based on experience. It is essential that a constant 
flow of information is established in both directions. 

It is considered free-fall launching is one of the most sig- 
nificant developments in the field of life-saving appliances, equal 
to the development of inflatable liferafts some years earlier. As 
it has taken many years for liferafts to develop to their present 
level of capability and reliability, it is surmised that there is 
similar room for development in free-fall evacuation systems. 


3: RESCUE BOATS 


It has been stated earlier that totally enclosed lifeboats can be 
ised as rescue boats. For this purpose they must have good all 
round visibility, good manoeuvreability in all directions and 
good handling. The ability to readily recover a survivor has been 
included in the earlier test requirements but is of great impor- 
tance in this instance. The requirements for the onboard recov- 
ery of boat and crew are the principal points of contention. 
Regulation 16.4 of Chapter III states “Rapid recovery of the 
rescue boat shall be possible when loaded with its full comple- 
ment of persons and equipment. If the rescue boat is also a 
lifeboat, rapid recovery shall be possible when loaded with its 
lifeboat equipment and the approved rescue boat complement 
of at least 6 persons”’. 

This is usually interpreted as 3 persons as crew and 3 sur- 
vivors, since this equates to that expected of a small dedicated 
rescue boat. The interpretation of “rapid recovery” is much 
more complicated due to the problems of attaching falls to 
hooks with a boat moving in even a slight to moderate sea. Once 
attached, however, there is little difficulty in achieving the 
0.3m/s hoisting speed. 

Some administrations have withdrawn earlier approval of 
totally enclosed lifeboats as rescue boats and it is certainly a 
matter which remains under discussion. 

The principal reason for using combined lifeboat/rescue 
boats is the problems of accommodating two boats and their 
associated davits, fore and aft of each other, abreast the accom- 
modation block of a typical “all aft” modern vessel and these 
are increasing with the trend towards smaller crews reducing the 
sizes of deckhouses even further. 

Boats designed to act solely as rescue boats fall into three 
types; rigid, semi-rigid or rigid-inflatable (as they are sometimes 
called) and inflatable. All must comply with Regulation 47 and 
the test requirements of Resolution A521, Part 1, Section 7. 

The general requirements of Regulation 47.1 are applicable to 
boats of all types, but some comments may help. 

Inflatable boats and rigid-inflatable boat collars are not 
required to comply with Regulation 41.1.3 for fire-retardancy, 
but in fact many have a fair degree of flame resistance, and 
information regarding this should be included in the approval 
documentation. : 

Seating positions should be provided for the full complement 
within the boat, as sitting on the inflated collar is not acceptable. 

Outboard engine test requirements now exist, similar to those 
for inboard engines and approved engines are to be used. 

Most, if not all, dedicated rescue boats are launched on a 
single fall and the release gear is closer to that of davit launched 

afts than lifeboats. 


3.1 Rigid Rescue Boats 

Rigid rescue boats material and construction requirements are 
identical to those already set out for G.R.P. lifeboats. The usual 
design incorporates a small cabin forward, with a large open 
cockpit aft, which is self-draining. Both outboard and inboard 
engine versions have been approved. 


Plate XIV A partially enclosed lifeboat and rescue boat intended for 
passenger ships 


3.2 Rigid-Inflatable Rescue Boats 


Rigid-inflatables consist of a rigid G.R.P. bottom structure with 
an inflatable collar, though one design uses a rigid foam collar. 
They are usually outboard powered but inboard engine versions 
exist including water-jet propelled as well as propeller driven 
types. It is the foam filled G.R.P. bottom which provides most 
of the strength and buoyancy, with the inflated collar providing 
the necessary reserve buoyancy. 

The regulations and test requirements set out for inflatables 
are generally applicable and are fairly explicit. Regulation 
47.1.3 however states semi-rigids should “‘comply with the 
requirements of this regulation to the satisfaction of the ad- 
ministration”. This naturally produces some differences of 
interpretation and the test requirements included here represent, 
a fair combination of the regulations for inflatable and rigid 
boats. 

The G.R.P. bottom structure, material and construction 
requirements are as required for lifeboats. Collar materials 
differ but, as with inflatable liferafts, consist basically ofa nylon, 
or similar high strength, synthetic fabric material coated with 
any of a number of coatings such as polychlorophrene, two ply 
butyl, thermoplastic polyurethane etc. Coated fabrics must be 
produced and certified in accordance with a recognised standard 
such as B.S., A.S.T.M., DIN or a proposed ISO standard. The 
designers should submit a hoop stress calculation for the collar 
and full details of the proposed materials for approval. If prior 
national approval has been given then full details of this must be 
submitted for consideration. 

Samples of proposed joint configurations and adhesives used 
in the collars should be subjected to tensile tests and be capable 
of sustaining loads of 4.5 times the hoop stress. All exposed 
joints should be reinforced with tapes and collars should be 
suitably fendered externally with rubbing strips to protect the 
tubes during launching and whilst alongside the parent vessel in 
a seaway. The construction and subdivision of buoyancy tubes 
must comply with Regulation 47.3.5 to 47.3.11 inclusive. 

Seating in these boats is often provided for the helmsman and 
crew astride a centreline longitudinal saddle. Survivors are 
accommodated on small seats adjacent to the buoyancy tubes, 
not forgetting space for a stretcher provided on the deck. 


3.2.1 Tests 


The tests specified for inflatable rescue boats are also applicable 
to rigid-inflatables except that some administrations do not 
require the drop test to be repeated at 45° bows down and stern 


down, nor do they require the overload tests to be carried out at 
— 30°C. When tests are being carried out under Lloyd’s Register 
supervision, only the — 30°C overload test may be omitted, since 
the strength of these boats does not depend on the inflatable 
collar, and the G.R.P. bottom structure is not unduly affected 
by low temperatures. An important difference between the over- 
load tests described in Resolution A521(13) and the new test 
requirements, due to come into force sometime in 1990/1991, is 
that the original load required was three times the weight of the 
boat, equipment and complement. The new requirements, 
presently known as LSR20/20, give the test load at four times 
the mass of the equipment and full complement and this load 
should be used for all future tests. The drop and impact tests, 
however, test the strength and construction of the boat and 
should be carried out in full. 

It may also be found that the damage tests required by 7.2.5 
of Resolution 521(13) have little relevance if the boat, complete 
with equipment, a mass equivalent to the engine and fuel and the 
number of persons the boat is designed to carry, proves to be 
insufficient to place more than the after compartments of the 
side tubes in the water. Deflation of either compartment is the 
only test relevant, in such a case. 


3.3 Inflatable Rescue Boats 


The material requirements are as required for the coated 
materials described earlier i.e. manufactured and tested to an 


appropriate standard. As required previously, an inspection of 


the works should be carried out and considerable emphasis 
should be laid on quality assurance procedures, since there is 
little control a surveyor can apply during production. Produc- 
tion must be carried out to a clear quality control plan, with 
checks on adhesives, tests on each compartment of the collar 
before being built in to the whole, dimensional control, air test 
on the completed inflated collar and so on. Timing is also impor- 
tant to ensure correct cure of adhesives before being subjected to 
excess loading. All of this must be carefully logged and kept for 
later reference should a problem arise with the boat in the 
future. It is not unknown for a problem to become apparent 
with a batch of adhesive or material after a few years in service 
and therefore it is important to be able to trace the number and 
type of boats involved. 


Plate XV A rigid inflatable rescue boat undergoing speed trials 
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3.4 Testing Resolution A521 (13) Part 1 Section 7 
Section 7.2 Inflated rescue boats 


7.2.1 The inflated rescue boat should be subjected to the m ) 
prescribed in paragraphs 6.5, 6.7, 6.10, 6.12, 6.13 and 
(Riley 
These are the side impact test, seating strength test, 
release mechanism test, operational test, light tests and 
rescue boat seating test respectively. 


7.2.2 Drop tests 


and with a mass equivalent to its engine and fuel in the 
position of its engine and fuel tank should be dropped 3 
times from a height of at least 3m onto water. The drops 
should be in the 45° bow-down, level-trim and 45° stern- 
down attitudes. 


On completion of these drop tests the rescue boat and its 
equipment should be carefully examined and show no 
signs of damage which would affect their efficient func- 
tioning. 


7.2.3 Loading tests 


7.2.3.1 The freeboard of the inflated rescue boat should be 
taken in the various loading conditions as follows: 


1. rescue boat with all its equipment; 


2. rescue boat with all its equipment, engine and fuel, or 
an equivalent mass positioned to represent engine 
and fuel; 


3. rescue boat with all its equipment and the number of 
persons for which it is to be approved having an 
average mass of 75kg so arranged that a uniform 
freeboard is achieved at the side buoyancy tubes; and 


4. rescue boat with the number of persons for which it 
is to be approved and all its equipment, engine and 
fuel or an equivalent mass to represent engine and 
fuel and the rescue boat being retrimmed as necess- 
ary. 

7.2.3.2 With the rescue boat in any of the conditions prescribed 
in paragraph 7.2.3.1, the minimum freeboard should be 


not less than 300mm at the buoyancy tubes and not less 
than 250mm from the lowest part of the transom. 


3. Stability Test 


7.2.4.1 The following tests should be carried out with engine 
and fuel or an equivalent mass in place of the engine and 
fuel tanks. 

1. The number of persons for which the inflated rescue 
boat is to be approved should be crowded to one side 
with half this complement seated on the buoyancy 
tube, and then to one end. In each case the freeboard 
should be recorded. Under these conditions the 
freeboard should be everywhere positive; and 


' 


the stability of the rescue boat during boarding 
should be ascertained by two persons in the rescue 
boat demonstrating that they can readily assist from 
the water a third person who is required to feign 
unconsciousness. The third person should have his 
back towards the side of the rescue boat so that he 
cannot assist the rescuers. All persons should wear 
approved lifejackets. 

7.2.4.2 These stability tests may be carried out with the rescue 

boat floating in still water. 


@: Damage Test 

.2.5.1 The following tests should be carried out with the in- 
flated rescue boat loaded with the number of persons for 
which it is to be approved both with and without engine 
and fuel or an equivalent mass in the position of the 
engine and fuel tank; 

1. with forward buoyancy compartment deflated; 


2. with the entire buoyancy on one side of the rescue 
boat deflated; and 
3. with the entire buoyancy on one side and the bow 
compartment deflated. 
7.2.5.2 In each of the conditions prescribed by paragraph 
7.2.5.1, the full number of persons for which the rescue 
boat is to be approved should be supported within the 
rescue boat. 


7.2.6 Manoeuvrability and Towing Tests 


7.2.6.1 It should be demonstrated that the inflated rescue boat 
can be propelled and manoeuvred by its oars or paddles 
in calm water conditions at a speed of at least 0.5 knot 
over a distance of at least 25m, when laden with the 
number of persons, all wearing lifejackets, for which it is 
to be approved. 


7.2.6.2 Speed and manoeuvring trials should be carried out 
with engines of various powers to assess the rescue 


boat’s performance. 


7.2.7 Righting Test 


It should be demonstrated that both with and without engine 
and fuel or an equivalent mass in place of the engine and fuel 
tank, the inflated rescue boat is capable of being righted by not 
more than two persons if it is inverted on the water. 


7.2.8 Simulated heavy weather test 


To simulate use in heavy weather the inflated rescue boat should 
be fitted with a larger powered engine than is intended to be 
fitted and driven hard in a wind of force 4 or 5 or equivalent 
rough water for at least 30 min. As a result of this test the rescue 
boat should not show undue flexing or permanent strain nor 
have lost more than minimal pressure. 


7.2.9 Swamp test 


It should be demonstrated that the rescue boat, when fully 
swamped, is capable of supporting its full equipment, the num- 
er of persons for which it is to be approved and a mass 


equivalent to its engine and full tank. It should also be demon- 
strated that the rescue boat does not seriously deform in this 
condition. 


Plate XVI 


Arigid inflatable rescue boat with a self righting capability 
intended for the offshore industry 


7.2.10 Overload test 
The inflated rescue boat, loaded with 4 times the mass of 
the engine and fuel, equipment and the number of per- 
sons for which the boat is to be approved, should be 
suspended from its bridle at a temperature of +20°C 
with all relief valves inoperative. The rescue boat should 
then be loaded to 1.1 times the mass of the rescue boat, 
its engine and fuel, equipment and the number of persons 
for which it is to be approved and should be suspended 
from its bridle at a temperature of — 30°C with all relief 
valves operative. The rescue boat and bridle should be 
examined after each test is conducted and should not 
show any signs of damage. 

7.2.11 Detailed inspection 

The inflated rescue boat complete in all respects should 

be fully inflated in the manufacturer’s works and subject 

to detailed inspection to ensure that all the requirements 

are fulfilled. 


General Notes 
The following additional test should be carried out:- 


Air inflation test. 

The collar should be inflated to a pressure approximately 
17.75 gm/cm? above the working pressure and allowed 
to stand for 30 mins, the pressure then reduced to work- 
ing pressure and again allowed to stand for 30 mins. The 
pressure should then be adjusted to working pressure if 
necessary due to temperature changes and allowed to 
stand for 60 mins, after which time the pressure drop 
should not exceed 2.54 gm/m? (25.4mm on a water 
gauge). 

Although a minimum speed of 6 knots is stipulated, 
boats of higher speed can be approved and manufac- 
turers should pay attention to IMO requirements for fast 
rescue boats contained in IMO Circular A656 (16) “Fast 
Rescue Boats”. 

These inflatable and rigid-inflatable fast rescue boats 
have self-righting arrangements, with a buoyancy cham- 
ber mounted on a cradle aft which automatically or 
manually inflates if the boat inverts. 

These were principally developed for the offshore oil 
industry but there is no objection to their use on-board 
ships. Detail of the system and proposed tests should be 
submitted for approval. 


4. INFLATABLE LIFERAFTS 


No comments have been included in respect to rigid rafts 
since, as far as is known, none are manufactured or approved at 
present. 

Most surveyors are very familiar with the round white canis- 
ter which contains the inflatable liferaft and carefully note the 
servicing date at each periodical Safety Equipment survey or 
inspection, fewer may be familiar with the raft inside. These 
must comply with Regulations 38 and 39 of Chapter III and are 
either davit launched or “throw overboard” types, both of 
which must also be “float free”, with or without a hydrostatic 
release. 

The broad design of the rafts consists of an inflatable collar, 
a canopy supported by an inflatable hoop, an insulating inflat- 
able floor, water pockets underneath to assist stability and the 
inflation system, using cylinders of carbon dioxide often with a 
small percentage of nitrogen added. 

Regulation 38 sets out the general requirements for both rigid 
and inflatable rafts covering:- 


construction 

maximum carrying capacity and mass 

fittings 

davit launched requirements 

equipment 

— float free arrangements 

— consisting of the painter system, weak link and hydrostatic 
release. 


Regulation 39 gives the requirements for inflatable rafts 
covering:- 


construction 

carrying capacity 

access 

stability 

fittings 

containers 

markings 

davit launch requirements 
additional equipment 


Plans must be submitted for approval, together with calcula- 
tions of buoyancy chamber capacity, pressure and material 
stress, and include full details of materials and adhesives to be 
used showing compliance with an appropriate standard. 

A works inspection is required with the emphasis on the 
applied quality assurance and quality control systems and 
procedures. As with inflatable boats, a surveyor cannot see all 
stages of manufacture of a particular raft and is not expected to 
perform the functions of a quality control inspector, which is the 
responsibility of the manufacturer. Lloyd’s Register’s role is to 
ensure that the manufacturer can reproduce a product identical 
to the prototype tested and ensure production models will com- 
ply fully with the requirements. 

Inflation systems should consist of cylinders, valves, opera- 
ting heads, manifolds and hose assemblies all manufactured, 
tested and certified in accordance with an appropriate national 
or international standard. Materials must be suitable for use in 
seawater environments, particularly if light alloy materials are 
proposed. 


Test Requirements — Prototype 
Part 1, Section of Resolution A521 sets out the requirements for 
prototype testing. These are very extensive and it is not 
proposed to reproduce them in full here. They also include the 
test requirements for hydrostatic releases. 
The tests covered are: 
— Drop tests 
Jump test 
- Weight check 


Towng 

Mooring out 
Painter system 
Lights 

— Loading and seating 
Boarding 

Stability 
Manoeuvrability 
Swamp 

Canopy closure 
Float free 
Inspection 
Hydrostatic release 
Davit launch 
Additional tests 
Damage tests 
Righting test 

— Inflation test 
Pressure test 

— Strength tests 


Material tests must be carried out in accordance with an 
appropriate standard. 


Test requirements during manufacture 
As part of the manufacturers quality control, the following tests 
should be included:- 

(i) 

(ii) 

(iii) 

A procedure for allowing corrections of pressure differential 
due to changes in temperature, during the test period, should be 
laid down. 

Selected rafts should be subjected to an operational inflation 
test as a check on packing and inflation. 

Packing must be carried out by selected, fully trained staff 
only and the selection of rafts for operational tests must cover 
each of the packers within a one to two month period, depend- 
ing on the manufacturing numbers. The greater the numbers, 
the more frequently the test should be carried out. 

Davit launched rafts should undergo a 10% overload suspen- 
sion test, ie a mass equivalent to 110% of the mass of the raft, its 
equipment and full complement calculated at 75kg per person. 

The foregoing tests are included in somewhat greater detail in 
part 2 of A521. 

Manufacturers must also set up procedures for approving 
service stations and training their staff; monitoring any defects 
found during servicing and, where necessary, issue instructions 
for any corrective action which may be required. 

IMO Resolution A.333 (IX) ““Recommendation on the con- 
ditions for the approval of servicing stations for inflatable 
liferafts” lays down quite clearly that administrations should 
ensure that service stations shall “use only properly trained 
personnel” and “have demonstrated this capability for inflat- 
able liferafts of each manufacturer whose rafts they service’. 
This means only persons trained by the manufacturer should 
service and repack rafts produced by that manufacturer. Regret- 
tably not all administrations, services stations or liferaft 
manufacturers follow these recommendations to the letter. 

It may be of benefit, therefore, for the surveyor to establish 
and maintain contacts with local service stations, noting which 
make of raft they are qualified to deal with and the identity of 
the relevant trained personnel. By showing an interest and some 
knowledge of the requirements, the surveyor may then apply 
some quiet persuasion to improve matters where needed. It 
would assist HQ if they are advised of stations servicing rafts for 
which they are not approved by the manufacturer. No manufac- 
turer will guarantee a raft serviced and re-packed at a “@ 


Inflation test of individual buoyancy chambers. 
Inflation test of the completed raft. 
Insulated floor test. 


approved station. 
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Plate XVII 


Davit launched life-raft installation undergoing test on 
board a passenger vessel 
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LAUNCHING APPLIANCES 


The approval of launching appliances, that is davits, single 
arm davits, and free-fall lifeboat launch and recovery arrange- 
@: etc, are dealt with by the Lifting Appliances and 

aterials Handling department at Lloyd’s Register House 
Croydon. 

Plans of the structure, including full strength calculations and 
details of all load bearing materials and their mechanical 
properties, should be submitted for approval in accordance with 
Regulation III/48. The prototypes should be manufactured 
under survey and the attending surveyors should satisfy them- 
selves as to the competence of the work force, in accordance 
with normal procedures. 

Test requirements for davits are laid down in Resolution 
A521 (13) Part | Section 8. 

The requirements for free-fall launching ramps are included 
in MSC/Cire 510 Annex 2. 

Davit testing should be carried out on a test rig capable of 
simulating 10° trim, fore and aft, and 20° list, port and star- 
board. It should be noted, however, that damage stability 
requirements for oil tankers, chemical tankers and gas carriers 
may produce final angles of heel in excess of 20° list and davits 
used on such vessels should be approved for these greater angles. 
In practice this means that most davits are tested at 25° at the 
prototype test stage to cover this future possibility. 

Briefly, the tests consist of a Static Proof load of 2.2 times the 

naximum working load with the davit fully outboard and the 
weight moved to simulate trim and heel. 

A mass 1.1 times the maximum working load on the davit 
moved from fully inboard to full outboard position, and again 
repeated under heel and trims. 

The tests should also be repeated with a load simulating a 
fully equipped but unmanned boat, to produce a light lowering 
test. 

It is also particularly important that installation tests should 
be carried out on board the ship, as required by Part 2, Section 
6 of the Resolution as this is usually the first time the davit, 
winch and boat or liferaft are all married together. It should be 
noted, however, that 6.1.1, factory overload test of 2.2 times the 
working load, refers to testing after fabrication and prior to 
fitting on board. 

An important point to note with regard to production testing 
is in respect of the minimum and maximum lowering speeds. 
Reg 48.2.6 and Reg A521 (13) requires that a survival craft or 
rescue boat loaded with its normal equipment is capable of 
overcoming the frictional resistance of the winch, falls, blocks 
and associated gear. 

The minimum speed at which the boat is lowered is given by 

e formula: 


S =0.4 + (0.02 x H) 
where 
Sie) 
H 


speed of lowering in metres per second 

height in metres from the davit head to the waterline at 
the lightest sea going draught. 

This has been clarified in the forthcoming LSR20/20 to show 
that this minimum speed with the boat fully loaded and the light 
lowering speed, should be within 70% of the above. 

The maximum lowering speed for survival craft should not 
exceed 1.3 metres/second. 

The dynamic loaded lowering test (brake test) involves the 
survival craft loaded with a mass equivalent to 1.1 times its full 
davit load, being allowed to achieve its maximum lowering 
speed, and the brake there being abruptly applied. The system 
should be thoroughly examined for any sign of damage upon 
completion. 

The control system for operating the launching system from 
within the boat should be tested in all respects including control 
of the brake at all stages of the decent and that the length of the 
wire is sufficient etc. 
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6. PERSONAL SURVIVAL AIDS 


These include lifejackets, immersion suits, thermal protective 
aids, lifebuoys and their associated fittings. All of these can be 
approved by Lloyd’s Register in accordance with the require- 
ments of Regulations 30 to 34 inclusive and of course the 
associated test requirements of Resolution A521. 

Procedures follow the familiar approval path of materials, 
drawings and testing of the product, and inspection of the 
manufacturing facilities including vetting of Q.A. and Q.C. 
These items often have local national authority approval and, 
provided full details of the prototype tests and results are avail- 
able, then a limited test programme may be agreed to verify or 
clarify the earlier results prior to LR approval. 
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Plate XVIII A typical LR approved immersion suit 


as CONCLUSIONS AND FUTURE CHANGES 


Great strides have been made since the introduction of the 
1983 amendments to Chapter III and slowly a more unified 
approach to the approval of life-saving appliances is emerging. 
No doubt there will always be administrations who will insist on 
their own interpretations and requirements, based upon their 
experience with their own fleets. 

Without such experience and differences progress cannot 
be made, such as the proposed amendments of Resolution 
A521 which hopefully will be adopted within the next two 
years. 

These amendments for the time being known as LSR20/20 
will include changes to lifejacket buoyancy tests and buoyancy 
material tests and a new paragraph covering the assessment of 
lifejacket test results. 

Immersion suit requirements include alternative tests for the 
oil resistance of the suit and additional requirements for tests of 
the thermal protective qualities. 

Liferaft changes add specific requirements for testing davit- 
launched liferaft release hooks, which are quite extensive. 

The tests to which a liferaft material is to be subjected are 
listed but not detailed, the actual tests being “to the satisfaction 
of the administration”. 

For lifeboats, the overload test has been clarified. Accept- 
ability criteria are laid down for damage sustained as a result of 
drop and impact testing. The release mechanism tests have been 
clarified. Lifeboat engine inversion test requirements have been 
extended and clarified, together with additional requirements 
for testing outboard motors. 

The overload tests for inflated rescue boats have been 
modified and requirements for material testing added, as for 
liferafts. 

Free-fall lifeboat requirements have been clarified and added 
to. 

It should be noted however that the foregoing changes, for the 
most part, represent the incorporation of the requirements of 
MSC Circulars 444, 492, 509 and 510 already published and 
included in the foregoing discussions. 

In the future, it is considered that free-fall boats will be used 
increasingly as in the author’s opinion they offer significant 
advantages when evacuating a ship in severe weather. It must be 
admitted, however, that sea-going staff must be properly trained 
and obtain the necessary experience to overcome the natural 
reservations with regard to free-fall launching. How this can be 
best achieved with crews from less developed countries has not 
yet been fully addressed, and indeed this is part of a wider 
problem of crew training in life-saving appliances and survival 
techniques, which should form a major part of any basic seaman 
training course and should require the schools to have the full 
range of equipment for training purposes but this would involve 
considerable capital outlay in each case. Training and standards 
do receive continuous attention at IMO and these aspects have 
improved and will continue to do so. 

A careful statistical approach to ship casualties, evacuation 
and the means by which lives were saved and indeed lives lost 
should perhaps be instigated in order to study the effectiveness 
of equipment and provide a guide as to where research might 
prove most effective. 

Unfortunately IMO, the most obvious instigator of such a 
study, has certain financial constraints, making it unlikely that 
it could be commenced within the near future. 

The approval of life-saving appliances has in the past been 
largely the responsibility of administrations such as France, 
Germany, Japan, Netherlands, Norway, UK and USA but as 
the national fleets of these countries shrink so the number of 
staff in their administrations also decreases and it may be that in 
the future more and more of this approval work will fall to the 
International Classification Societies. It is hoped LR will be in 
the forefront in this area of safety at sea. 
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APPENDIX A 


METHOD OF DETERMINING THE SELF- 
EXTINGUISHING PROPERTIES OF GRP LAMINATES 


Three test specimens, each approximately 152mm (6in) long 
by 13mm (0.Sin) wide shall be used for this test, and shall be 
tested in a draught free atmosphere. Each specimen shall be 
marked by scribing a line 25mm (lin) from one end. The other 
end shall be clamped in a support so that the longitudinal axis of 
the specimen is horizontal and the transverse axis inclined at 45°. 
to the horizontal. Under the test specimen there shall be clay 
ped a piece of clean wire gauze (18 meshes per 25mm or linea 
inch) about 127mm (Sin) square in a horizontal position 64mm 
(Jin) below the edge of the specimen and with about 13mm 
(1.2in) of the specimen extending beyond the edge of the gauze. 

A bunsen burner 11mm (“6in) minimum outside diameter) 
with a luminous flame 13mm (4in) to 19mm (in) in height shall 
be placed under the free end of the specimen. At the end of 30 
seconds, the bunsen flame shall be removed and the specimen 
allowed to burn. 

If the flame on the specimen is extinguished before reaching 
the 25mm (lin) mark, the burner shall again be placed under the 
free end for a second period of 30 seconds immediately follow- 
ing the extinction of the first flame. 

If the flame is again extinguished before reaching the 25mm 
(lin) mark on each of the three test specimens, the laminate from 
which the specimens have been cut shall be regarded as self- 
extinguishing. 


APPENDIX B 
SOME NOTES ON THE SURVEY OF 
LIFEBOATS IN SERVICE 


EXTERNAL 
GENERAL 


Check condition of G.R.P. 

Check condition of fenders. 

Check condition of lifelines and handrails. 

Check condition of stern gland. 

Check condition of propeller. 

Check condition of steering nozzle/rudder/skeg. 

Check hatches and doors for operation, seals and clips. 


SPRAY SYSTEM (if fitted) 


Check pipework and spray nozzles. 

Check sea inlet valve shell seal, external protection etc. 

Check internal hose/pipework each side of the pump. 

Check pump/engine drive and controls. 

Ensure boat is externally clean and degreased (very important). 
Carry out operational test and ensure there is an even coverage 
and all nozzles are clear and operating. 


AIR SYSTEM (if fitted) 


Check condition of air system including all valves, pipework 
and gauges. 


Check air cylinder pressure and recharge as necessary (usual 
psu approx. 290bar but check manufacturers maintenance 


nanual). 


‘heck canopy ventilators and pressure/vacuum valve. 


HOOK RELEASE GEAR 


Before carrying out any maintenance or examination of the 
release gear, with the boat stowed, the weight must be taken off 
the falls and hooks, using suitable pendants between the main 
body of the hook, and the davit heads. A similar positive and 
safe arrangement may be adopted depending on the arrange- 
ment of the hooks etc, in each case. 

Any “‘on-load” locking arrangement must be overriden in ac- 
cordance with the maker’s instructions. 

Operate the release handle and ensure all cables, linkages, hinge 
pins and hooks operate smoothly without binding. 

Check bearing faces of the hooks in a way of the release cam for 


scoring or wear. 


Check the hydrostatic interlock is working (if fitted) including 
the shell fitting and diaphragm. 


ENGINE AND ELECTRICAL 


External examination for oil/fuel leaks etc. 
Check cooling system hoses, connections, skin cooler ete. 
Check operating controls. 

heck fuel tank and fuel level. 
Ensure engine starts readily and runs smoothly. Do not operate 
the shafting/propeller for more than a very few seconds without 
water lubrication, and preferably this should only be done 


afloat. 


ELECTRICAL SYSTEM 


Check battery condition and charge. 

Check charging arrangements including ships supply. 
Check internal and external lights. 

Check searchlight operation. 

Check fire extinguishers. 


Check bilge pumps. 
EQUIPMENT 


Ensure all equipment is present and correct as per the SEI 


Record. 


DAVITS AND WINCHES 


Examine steelwork, sheaves, foundations etc. 
Examine falls and check date for renewal/reversal. 
Check launching can be satisfactorily controlled from on deck 


and within the boat. 


Check operation of winch brake. 


APPENDIX C 


CURRENT IMO LEGISLATION AFFECTING 
LIFE SAVING APPLIANCES 


Resolution A.333 (IX) Recommendation on the conditions for 


Resolution A520 (13) 


Resolution A521 (14) 


MSC/Circ.444 
13.10.86 


MSC/Circ.492 
05.05.88 


approval of servicing stations for inflat- 
able liferafts. 

Code of practice for evaluation testing 
and acceptance of prototype novel life- 
saving appliances and arrangements. 
Recommendation on testing of life- 
saving appliances. 

Clarification of certain provisions of 
1983 SOLAS Amendments and A521 
(13). 

Clarification of certain provisions of 
Chapter III of the 1983 SOLAS Amend- 
ments and resolution A521 (13). 
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MSC/Cire 508 
14.04.89 


MSC/Cire 509 
13.04.89 


MSC/Cire 510 
13.04.89 


MSC/Cire 513 
24.04.89 


Clarification of certain provisions of 
Chapter III of the 1983 SOLAS Amend- 
ments. 


Clarification of SOLAS Chapter III 
provisions related to protection of 
occupants against impact forces on 
lifeboats when lowered down the ship’s 
side. 

Clarification on SOLAS Chapter II 
provisions related to protection of free- 
fall lifeboats against harmful accelera- 
tions during launching 


Use and fitting of retro-reflective 
materials on life-saving appliances. 


Resolution A.656 (16) Fast Rescue Boats. 
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SYNOPSIS 


In addition to LR’s Rules and Regulations for the Classification 
of Ships (1), Mobile Offshore Units (2) and Fixed Offshore 
Installations (3), and the International Maritime 
Organization’s Convention for the Safety of Life at Sea 
(SOLAS) (4), some National Administrations, on who's behalf 
LR is authorised to act, specify in their Rules, requirements for 
fire resisting bulkheads and decks. 

It is the intent of this paper to provide Surveyors with a 
current guide to the fire testing aspects of those fire rated divi- 
sions referred to in the various Rules and Regulations. 

Manufacturers generally fire test their products with a view 
toa fire certificate being issued by LR. Occasionally fire resist- 
ing components, which may be intended for a specific use, are 
submitted to LR for approval, but no certificate is issued. 
However, this paper is mainly concerned with fire testing for 
certification. 

Principally LR is involved with the approval and certifica- 
tion of fire resisting bulkheads and decks, and with the 
components which reinstate the fire resistance of those divi- 
sions when penetrated by such necessary service items as 
windows, doors, heating ventilation and air conditioning duct- 
ing, pipes and electrical cables ete. 

The paper includes definitions of fire resistance as applica- 
ble to different components as well as the fire test methods for 
verifying compliance with the fire resistance criteria applicable 
to those components. 


1. INTRODUCTION 


It is now nearly fifteen years since Mr.G.Coggon presented his 
paper to the L.R.T.A. entitled ‘Fire Protection, Detection and 
Extinction in Ships’ (5), six years since Mr. G.Coggon and 
Mr. C.M.Magill presented their similarly titled paper ‘Fire 
Protection, Detection and Extinction for Offshore Installations 
(6), and four years since the subsequent paper ‘Fire safety 
aspects of the 1981 Amendments to Solas 1974 (7), was 
presented by Messrs. D.J.Holland and C.M.Magill. 

The subject of Fire Testing was briefly mentioned in all of 
the foregoing presentations, however, it is the purpose of the 
present paper to enlarge on this particular Section of Fire 
Safety, hoping that it will be some practical benefit to members 
throughout the Association involved with or having an interest 
in the subject of Fire. 

Whilst some of the basic information is contained in all of 
the above mentioned papers, it has not changed, however, it is 
nevertheless reproduced here such that cross-reference by 
Surveyors to other documents is kept to a minimum. 

Structural fire protection is an integral part of fire safety and 
safety as a whole. Fire testing is the recognised method of veri- 
fying a component’s ability to resist the effects of a fire. The 
fire test is a comparative experiment which can be consistently 
reproduced, no matter which testing laboratory is carrying out 
the fire test. 

The fundamental principle of structural fire protection is to 
arrange boundaries, which are fire rated, within the structure 
of ships and offshore installations such, to help retard the 
spread of fire by not adding to the fuel of the fire, offering a 
physical restriction to the fire, and to offer a safe sanctuary to 
personnel. Also to confine fire to the compartment of origin 
and prevent it from attaining a size beyond the capacity of the 
available fire extinguishing equipment. 

It is customary at this stage to explain or maybe justify the 
importance of the subject under consideration. However, statis- 
tics for ship board and offshore installation fires are well 


Plate 1 
Shipboard fire 


Plate 2 
Offshore installation fire 


documented and are not reproduced here. Also particularly in 
the light of recent events in the North Sea the public, as well as 
the marine professions, are well aware of the dangers and 
consequences of a maritime fire if it is not contained and extin- 
guished. Suffice to say that structural fire protection is a very 
important branch of maritime safety which must be considered 
at the design, plan approval and building stages for ships and 
offshore installations. 

In the context of this paper the ‘test’ will refer to a ‘fire test’. 


Plate 3 After effects of a fire within the accommodation 


2. UNDERSTANDING FIRE 


@ 2.1 The Nature of Fire 


Fire or combustion may be described as rapid oxidation with 
the evolution of heat and light. The science of fire protection 
rests upon the following principles: (1) An oxidising agent, a 
combustible material, and an ignition source are essential for 
combustion, (2) the combustible material must be heated to its 
ignition temperature before it will burn, (3) combustion will 
continue until either (a) the combustible material is consumed 
or removed, or (b) the oxidising agent concentration is lowered 
to below the concentration necessary to support combustion, 
or (c) the combustible material is cooled to below its ignition 
temperature. Figure | illustrates the three components of fire. 

Heat is transferred by one or more of three methods: (1) 
Conduction, (2) Radiation, or (3) Convection. 

(1) By Conduction, heat from one body is transferred to 
another by direct contact or through an intervening solid, liquid 
or gas heat-conducting medium. The amount of heat trans- 
ferred by conduction depends upon the thermal conductivity 
of the materials through which the heat is passing and the area 
and thickness of the conducting path. 

Some materials are better conductors than others. Metals 
tend to be good conductors and plastics, glass, wood etc., tend 
to be bad conductors of heat. 


(2) By Radiation, heat is transferred from one body to 
another by heat rays through the intervening space, much the 
same as light is transferred by light rays. Thermal radiation 
involves energy exchange between surfaces (bulkheads, decks, 
furniture etc.). When radiant energy falls on a body, the energy 
may pass through the body without affect, the energy may be 
reflected back from the surface, or the energy is absorbed by 
the body, whose temperature is raised. 


Oxygen Fuel 


Heat 


Figure 1 
Components required to maintain fire 


(3) By Convection, heat is transferred by a circulating 
medium -— either by a gas or a liquid, i.e. convection occurs by 
a combined effect of conduction, and/or radiation and the 
motion of a transmitting medium. When a liquid or gas is 
heated, it expands and therefore becomes less dense. 
Convection plays an important role in fires. It transports the 
enormous amounts of chemical energy released during a fire 
to the surrounding environment by the motion of hot gases. 

Thus, in conditions where there are combustible materials, 
so situated in relation toa fire that they are capable of ignition, 
a fire will spread upwards and outwards from the original 
point of ignition by the convection, radiation and conduction 
of heat. 

Between 75 and 85% of the heat transferred away from a 
fire is accounted for by convection. Heat is released from a 
fire at temperatures in the region of 800 to 1200°C. At these 
temperatures air is expanded to about one quarter of its 
density at normal atmospheric temperatures. It is also 
entrained by the hot gases produced by the fire to form a 
convection current, travelling upwards with a high velocity as 
a turbulent column, spreading heat above and around the area 
of combustion. This results in, among other things, an inflow 
of cooler, denser fresh air to the base of the fire, whereby the 
rate of combustion or intensity of a fire is increased and its 
rate of growth accelerated. 

These convection effects can quickly raise the temperature 
of combustible materials in their path to the ignition point and, 
where unrestricted, can cause the fire to spread rapidly to areas 
remote from the original outbreak. This occurs either directly, 
or through secondary outbreaks caused by the ignition of 
combustible vapours contained in the gases from the fire which 
have not been consumed because of oxygen starvation within 
the fire, but on reaching supplies of fresh air some distance from 
the fire, burst into flame. This latter phenomenon can be seen 
when areas of flame appear in smoke at considerable distances 
from the seat of a large fire. 

When afire occurs in an enclosed compartment the hot gases 
rise to the ceiling, where they spread out to form a hot layer. 
As the fire proceeds, this layer increases in temperature and 
depth and when all the oxygen has been used up, the fire dies 
down to asmouldering mass with an atmosphere above consist- 
ing of combustion gases and unburned combustible vapours at 
or above their ignition temperature. If a door or window is 
opened fresh air will be drawn into the compartment and the 
unburned combustible vapours will burst into flame with 
almost explosive force. This phenomenon is referred to as flash- 
over and often constitutes the difference between a controllable 
minor outbreak and a major outbreak which could result in 
abandonment of the ship. 

Radiation is responsible for the spread of fire to a lesser but 
significant degree. Combustible materials laterally adjacent to 
a fire may be unaffected by convection currents, but heat radi- 
ated from the flames may cause the evolution of vapours which 
are drawn toward the fire and ignited. 

Fire may also be spread by the conduction of heat by mate- 
rials with suitable characteristics. Ships are largely constructed 
of steel, which is a good conductor of heat, and special precau- 
tions must be taken to restrict the spread of fire from one 
compartment to another by the conduction of heat through the 
structure. 


2.2 General Principles of Fire Protection 


The rate of heat transfer through any material is in direct 
proportion to the temperature differential between the point 
of entrance and departure. The transmission of heat cannot be 
completely stopped by any ‘heat-insulating’ material. In this 
respect the flow of heat is unlike the flow of water, which can 


be stopped by a solid barrier. Heat insulating materials have a 
low heat conductivity; heat flows through them slowly, but no 
amount of insulating material can actually stop the flow. 

The severity of a fire determines the effect it may have on 
a structure. Two of the important factors in measuring severity 
are duration and temperature. 

The effect of fire is determined not only by the severity of 
the fire but also by the characteristics of the materials subjected 
to fire. 

Performance under standard fire test procedures is the 
accepted criterion of the fire resistance of various materials and 
types of construction. The severity of fire produced by the occu- 
pancy as well as the characteristics of the structure are two of 
several essential factors defining the fire resistance needed in 
a given situation. Fire resistance, however should not be 
confused with flame spread, the former being a fire rating ona 
time basis for a material and the latter the characteristics for 
surface combustibility of interior finish materials. 

Both time and temperature are measured for the effects on 
fire on materials. High temperature of short duration may have 
little effect on some materials, whereas a much lower temper- 
ature for a long time may cause complete disintegration. 

Test methods have been developed with a view to ascertain- 
ing the effects of fires of controlled intensity on the various 
parts of a structure i.e. decks, bulkheads, floors, partitions, 
columns etc. The results of such tests are recorded as the period 
of fire resistance expressed in minutes or hours. They signify 
that the material tested resists to the required degree the effects 
of the controlled fire under specific conditions of restraint or 
load, or both, for the period and are reported to the nearest 
integral minute. 

Doors and Windows are subjected to similar tests under 
conditions expected under service conditions. The materials for 
the finishing of walls and ceilings are tested to determine their 
flame-spread characteristics. 


3. HISTORICAL NOTE AND CURRENT 
STANDARDS 


3.1 Fire Test Procedure 


The standard scale of measurement of fire severity is the 
Standard Time/Temperature Curve. Furnace temperatures are 
controlled in accordance with the curve, and the fire resistance 
of an element tested is measured in minutes before failure or 
a stipulated criteria such as a specific time or temperature limit. 


3.2 The Standard Time/Temperature Curve 


Prior to being adopted by the shipping industry a Standard 
Time/Temperature Curve was established by the building 
industry for the purpose of controlling the intensity of a labo- 
ratory furnace fire for tests on building components. 

This curve was prepared in 1918 through conferences among 
representatives of eleven North American Technical Societies 
and Organisations called jointly by the American Society for 
Testing Materials (ASTM) Committee on Fireproofing and the 
National Fire Protection Association (NFPA) Committee on 
Fire-Resistive Construction. 

In arriving at the final standard, a dozen different rate-of- 
rise curves were considered. A significant feature of the 
Standard is the initial rate of rise, attaining to 1000°F (538°C) 
at 5 minutes; and 1300°F (704°C) at 10 minutes. Other points 
which determine the course of the temperature rise are 1550°F 
(842°C) at 30 minutes; 1700°F (927°C) at 1 hour and 1850°F 
(1010°C) at 2 hours after which the rate of rise is 75°F (41.5°C) 


per hour reaching 2000°F (1093°C) at 4 hours and 2300°F 
(1260°C) at 8 hours. 

The Committees initially entrusted with the development 
of the Standard had the benefit of invaluable guidance given 
from the International Fire Prevention Congress held in 
London in July 1903 and also the results of measurements of 
furnace temperatures made in many fire tests carried out in the 
United Kingdom, Germany and the United States of America. 
The tests described in the series of ‘Red books’ issued by the 
British Fire Prevention Committee after 1903, as well as those 
reported by the German Royal Technical Research Laboratory, 
afforded much information on the techniques employed as well 
as the results. 

It is probable, however, that the greatest influence in the 
preparation of the Standard was that of Professor I.H.Woolson, 
Consulting Engineer of the USA National Board of Fire 
Underwriters and Chairman of the NFPA Committee in Fire 
Resistive Construction, who carried out many fire tests at 
Columbia University and also at the Underwriters Laboratory 
in Chicago. 

The curve has become the standard scale for measurement 
of fire test severity. When elements of structure are tested, 
furnace temperatures are controlled to conform to it. The stan- 
dard requires elements to be tested full size under conditions 
of restraint and loading as defined, to represent as nearly as 
possible its functions in service. Full scale tests are made 
because of the unreliability of small scale experiments in rela- 
tion to subsequent behaviour under real fire conditions. The 
element of structure is subjected on one side to regulated 
furnace heat, and receives a grading according to the time under 
test without failure. No cracks or fissures must develop which 
penetrate the material, it must not collapse, and the tempera- 
ture on the unexposed face must not exceed a stipulated 
maximum. 

The subsequent British Standard Time/Temperature Curve 
(BS 476) (8) is sufficiently like the NFPA-ASTM-UL 
(Underwriters Laboratory) Standard so that generally similar 
results should be obtained for structural elements. 


3.3 British Fire Tests of Fibreboard 


Further fire test criteria was established in 1949 for combustibil- 
ity and surface spread of flame characteristics. 

In 1949 the British Joint Fire Research Organization 
conducted full-scale fire tests of dwellings having an interior 
finish of fibreboard and with an interior finish of 3/8” plaster- 
board over fibreboard. The fibreboard was composed of sugar 
cane and wood fibre. 

The British Standard Specification on Fire Tests on Building 
Materials and Structures (BS 476: 1953) contained a statement 
for combustibility test of materials and for a surface spread of 
flame test. The original edition of this specification was dated 
1932 and modifications in the later edition were the result of 
work conducted by the Joint Fire Research Organization of the 
British Department of Scientific and Industrial Research 
Organization of the British Department of Scientific and 
Industrial Research and Fire Offices’ Committee. 


3.4 British Standards 


The basis of modern fire resistance testing in the U-K. is the 
British Standard Specification No. 476, the full title of which is 
the ‘British Standard Definitions for Fire Resistance, 
Incombustibility and Non-Inflammability of Building Materi- 
als and Structures’, first issued as a single volume in 1932. The 
time-temperature curve published closely parallels that of the 
‘American’ curve. B.S.476 made it possible to assess experi- 
mentally on an arbitrary basis, simulating actual fire conditions, 


the behaviour of an element of structure. The tests have been 
adopted by both the shipping and aircraft industries to assess 
divisions and their finishes as well as partitions and their finishes 
in buildings. 

Revision to B.S.476 have been published in three parts as 
follows: 


Part 1: 1953. Fire tests on building materials & structures. 
Part 2: 1955. Flammability test for thin flexible materials. 
Part 3: 1958. External fire exposure roof test. 


In 1972, B.S.476 was again revised, the three sections of Part 
| covering tests for combustibility of materials, surface spread 
of flame for materials and fire resistance of structures being 
prepared as separate Parts and given new Part numbers, 
however it is to be noted that none of the new Parts were 
numbered | or 2 in order to avoid confusion with previous 
numbering. The modified Standard comprised of the following: 


Part 3. External fire exposure roof tests. 

Part 4. Non-combustibility test for materials. 

Part 5. Ignitibility test for materials. 

Part 6. Fire propagation tests for materials. 

Part 7. Surface spread of flame tests for materials. 

Part 8. Test methods & criteria for the fire resistance of 
elements of building construction. 


In recent years further research and opinion has resulted in 
additions and revisions to BS 476. Over the years some tests 
have been withdrawn or fallen into disuse. Appendix A gives 
a list of important fire tests drawn up by the British Standards 
Institution currently in use, some parts being published as 
recently as 1987. 


3.5 International Maritime Organization (IMO) 


Previously known as IMCO — Inter-Government Maritime 
Consultative Organization, this specialised agency of the 
United Nations was established by a Convention at Geneva in 
1948, and came into force ten years later when 21 States became 
parties to the Convention. The Headquarters of the IMO is in 
London. The principal organs within the Structure of the 
Organization are the Assembly, the Council, The Maritime 
Safety Committee (MSC) and various Sub-Committees which 
function under the auspices of the MSC. 

The MSC deals with most technical subjects and is, through 
the Council, required to submit to the Assembly proposals or 
amendments made by members for safety regulations with its 
comments and recommendations therein. Appendix B lists 
IMO Resolutions concerning fire test procedures. 


3.6 International Maritime Organization (IMO) Safety of 
Life At Sea (SOLAS) 


It was the 1948 International Convention for the Safety of Life 
at Sea (SOLAS) (9) which introduced the International 
Passenger Ship Safety Certificate and the Cargo Ship Safety 
Equipment Certificate. This also heralded Lloyd’s Register 
involvement in the survey and certification of ships in those 
respects on behalf of several governments. The Passenger Ship 
Safety Certificate dealt with, among other things, the require- 
ments for structural fire protection. 

The 1960 Convention introduced the Cargo Ship Safety 
Construction Certificate which has, among other things, 
requirements for structural fire protection, i.e. the provision of 
B-Class corridor bulkheads where they form escape routes to 
the lifeboat embarkation stations. The fire safety requirements 
for passenger ships were also slightly improved at this time. 


The 1974 Convention is a repeat of the 1960 SOLAS, but 
incorporates some of the resolutions which were adopted by 
the IMO during the intervening period. Among the resolutions 
which were incorporated into the 1974 Convention were 
improvements in the fire safety requirements for passenger 
ships, including existing ships carrying more than 36 passengers 
and also the much improved safety measures for tankers. 

The 1981 Amendments to SOLAS 1974 which came into 
force on the Ist September, 1984, included amendments to the 
fire safety requirements for tankers together with new and 
greatly expanded requirements for cargo ships generally. The 
more important of these changes relate to the adoption of 
improvements which were developed in 1972-5 concerning 
requirements for structural fire protection in all cargo ships. 

LR’s Rules are tied to a large extent to the Regulations of 
the International Conventions, and are arranged that compli- 
ance will ensure that the corresponding requirements of 
SOLAS are also complied with. 


3.7 International Organizations for Standardization (ISO) 


ISO is a worldwide federation of National Standards Institutes 
(ISO Member Bodies) which was formed in February 1947, 
whose work of developing International Standards is carried 
out through ISO Technical Committees. To date a total of 73 
Member Bodies constitute part of the 164 joint ISO/IEC 
Technical Committees whose aim is the adoption of draft 
International Standards circulated to the Member Bodies for 
approval before their acceptance as International Standards by 
the ISO Council. International Standard ISO 834 ‘Fire resis- 
tance tests - Elements of building construction’, first edition — 
1975-11-1 is applicable to such structural elements of building 
construction as:- walls and partitions, columns, beams, floors 
(with or without ceilings) and roofs (with or without ceilings) 
with reference also made to the Technical report ISO/TR 3956. 
Tests for doors, shutters and glazing are dealt with in ISO 3008 
‘fire resistance tests on door & shutter assemblies’ and ISO 3009 
‘Fire resistance tests on glazed elements’, the foregoing stan- 
dards being widely adopted for Building materials worldwide. 
Appendix C lists relevant ISO fire test standards. 


3.8 The National Fire Protection Association (NFPA) 


Since 1896, The National Fire Protection Association has been 
the leading non- profit organisation in the world dedicated to 
protecting lives and property from the hazards of Fire. 

NFPA publishes over 260 nationally recognised Codes and 
Standards in the U.S.A. along with the Fire Protection 
Handbook, Fire Technology, and numerous training and educa- 
tion materials. Appendix D lists NFPA Standards and 
Resolutions. 


3.9 The Hydrocarbon Time/Temperature Curve 


A more severe test, than the standard time/temperature curve, 
has been adopted for the testing of selected components which 
are to be used on offshore installations. Fires involving hydro- 
carbon fuel will be more intense than a “normal” cellulosic fire 
upon which the standard time/temperature curve is based 

Operators of offshore installations have been using alterna- 
tive time/temperature relationships which reflect the higher 
temperatures involved in a hydrocarbon fire. In particular the 
Mobil Oil Company has developed its own “hydrocarbon test” 
and the time/temperature relationship used by Mobil is being 
used by a number of operators as well as a similar time/temper- 
ature relationship being included in the Norwegian Petroleum 
Directorate’s “Regulations for Production & Auxiliary Systems 
On Production Installations”. 


The history of the hydrocarbon time/temperature curve 
development dates back to the early and mid 1970's when J.H. 
Warren and A.A. Corona, and R.G. Gowar carried out tests 
using hydrocarbons. 

J.H. Warren and A.A. Corona’s earlier work was further 
developed by the Mobil Oil Company who carried out a series 
of experimental large scale testing using pool pit fires in the 
Arizona desert, from which their time/temperature curve was 
developed. 


4. DEFINITIONS 


Before examining the requirements for structural fire protec- 
tion for any ship or offshore installation it is necessary to define 
some of the terminology relating to fire testing. Requirements 
for passive fire safety measures are included in Rules and 
Regulations, Codes of practice etc., which are listed in the 
following table (Table 1). The list is not intended to be exhaus- 
tive but merely includes those Rules etc., which LR applies 
frequently in its role as a Classification Society, Certifying 
Authority, or Agency for which it is authorised to issue 
Certificates of Fitness, Statements of Compliance, and similar 
licences, permits etc. 

The definitions are very often common to more than one 
set of Rules. Generally the International Maritime Organi- 
zations definitions have been adopted, as they are widely 
recognised and accepted. In the table it has been shown which 
definition applies to which Rule or Rules. 


4.1 Non-Combustible Material 


Non-combustible material is a material that neither burns nor 
gives off flammable vapours in sufficient quantity for self- 
ignition when heated to approximately 750°C, this being 
determined by an established test procedure. Any other mate- 
rial is a combustible material. (Non-combustibility is not an 
absolute term but only applies to the temperature stated. 
British Standard 4422 gives a different definition, i.e. not capa- 
ble of undergoing combustion, but also qualifies the term 
incombustible as ‘deprecated’ in other words the British 
Standard disapproves of the term. It is quite possible for a 
material which burns at a temperature above 750°C to be 
referred to as non-combustible provided it complies with the 
above definition.) 

Reference is made to IMO Resolution A.472(XII) (super- 
seding Res.A.270( VIII)), Improved Test Method for qualifying 
marine construction materials as non-combustible, which is 
described later in this paper. 

The Marine Safety Committee (MSC) at its forty-sixth 
session, SLS 14/Circ.17, approved the interpretation that if a 
material passes the test as specified in Res.A.270(VIII) it 
should be considered as ‘non-combustible’ even if it consists of 
a mixture of inorganic and organic substances. This was a 
considerable step forward in the concept concerning non- 
combustibility as prior to this it was considered that organic 
materials could not be rendered non-combustible, in any form, 
by any known treatment, whether by the application of surface 
coatings or impregnated with chemicals. 

If any material tested in accordance with IMO 
Res.A.472(XII) passes the Test, it is a non-combustible mate- 
rial. Any material which fails to pass the Test is therefore a 
combustible material. 


4.2 A Standard Fire Test 


A standard fire test is one in which specimens of the relevant 
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Table 1: Reference table to applicable rules and definitions 


Rules 


Section 4 Sub-Section Nos 


—— - ——o = 


Aga 5 a Geta See one lee iea clos lle 


International Maritime Organization 
Safety of Life at Sea 

Chapter II-2 Regulation 3 
Regulation 34 & 49 


Lloyd's Register 
Rules & Regulations for the 
Classification of Steel Ships 
Part 6 Chapter 4 


Lloyd's Register 

Rules & Regulations for the 

Classification of Fixed Offshore Installations 
Part 8 Chapter 1 


Lloyd's Register 

Rules & Regulations for the 
Classification of Mobile Offshore Units 
Part 6 Chapter 4 


International Maritime 
Organization 
Safety of Fishing Vessels 1977 (10) 


Department of Energy 

Offshore Installations: 

Guidance on Design & Construction 
Section 13.3 (11) 


A. 'H-120' class divisions. 


B. However, the Department of Energy requires, in accommodation spaces each deck and its supporting structure, except where 
required to be constructed to A-60 Class, should be constructed of material which by itself or due to insulation provided will not 
lose its structural stability or fire integrity when subject to a 60 minute standard fire test. In practice this means that due to the 
mechanical loading a deck is expected to withstand, the rating is generally of A-O Class. 


C. Refers to ‘B-15' class divisions only. 


bulkheads or decks are exposed to a test furnace to tempera- 
tures corresponding approximately to the standard time 
temperature curve. The specimen shall have an exposed surface 
of not less than 4.65m2 and height (or length of deck) of 2.44m, 
resembling as closely as possible the intended construction and 
including where appropriate at least one joint. The standard 
time temperature curve is defined by a smooth curve drawn 
through the following temperature points measured above the 


initial furnace temperature: 


at the end of the first 5 minutes 556°C 

at the end of the first 10 minutes 659°C 
at the end of the first 15 minutes 718°C 
at the end of the first 30 minutes 821°C 
at the end of the first 60 minutes 925°C 


4.3 A Hydrocarbon Fire Test 


A hydrocarbon fire test is one in which the specimens define 
for a standard fire test are exposed in a test furnace to temper- 
atures corresponding approximately to a time temperature 
relating to and defined by a smooth curve drawn through the 
following temperature points measured above the initial 


furnace temperature: 


at the end of the first 3 minutes 880°C 
at the end of the first 5 minutes 945°C 
at the end of the first 10 minutes 1032°C 
at the end of the first 15 minutes 1071°C 
at the end of the first 30 minutes 1098°C 
at the end of the first 60 minutes 1100°C 


4.4 ‘A’ Class Divisions 


‘A’ class divisions are those divisions formed by bulkheads and 
decks which comply with the following: 


(a) They shall be constructed of steel or other equivalent 
material. 

(b) They shall be suitably stiffened. 

(c) They shall be so constructed as to be capable of preventing 
the passage of smoke and flame to the end of the one hour 
standard fire test. 

(d) They shall be insulated with approved non-combustible 
materials such that the average temperature of the unex- 
posed side will not rise more than 139°C above the original 
temperature, nor will the temperature, any any one point, 
including any joint, rise more than 180°C above the original 
temperature, within the time listed below: 


Class *A-60° 60 minutes 
Class ‘A-30° 30 minutes 
Class ‘A-15’ 15 minutes 
Class *A-0° 0 minutes 


(e) A test of a prototype bulkhead or deck may be required 
to ensure that it meets the above requirement for integrity 
and temperature rise. 


Reference is made to Recommendations on Fire Test 
Procedures for ‘A’, ‘B’ and ‘F’ Class Divisions, adopted by the 
IMO by resolution A.517(13) on 17th November, 1983, (which 
is described later in the paper) superseding the previous reso- 
lution A.163(ES.1V), Recommendation for Fire Test 
procedures for ‘A’ and ‘B’ Class Divisions. 

Table 2 shows the comparison of minimum scantling 
required to achieve ‘A’ Class for each of the Resolutions. 

Insulation materials for use on ‘A’ Class divisions which were 
fire tested and approved using the scantlings of Resolution 
A.163(ES.IV) will remain acceptable for use on A-Class divi- 
sions as defined by A.517(13). 


4.5 ‘H’ Class Divisions 


*H’ class divisions are those divisions formed by fire walls and 
decks which comply with the construction and integrity require- 
ments for ‘A’ class divisions, paragraphs (a), (b) and the 
following: 


(a) They are to be constructed as to be capable of preventing 
the passage of smoke and flame up to the end of the one 
hour hydrocarbon fire test. 

(b) They are to be insulated with approved non-combustible 
materials such that the average temperature, on the unex- 
posed side, when exposed to a hydrocarbon fire test, will 
not rise more than 139°C above the original temperature, 
nor will the temperature at any one point, including any 
joint, rise more than 180°C above the original temperature 
within the time listed below: 


Class ‘H-60° 60 minutes 
Class ‘H-0’ 0 minutes 


(c) A test of a prototype fire wall or deck may be required to 


ensure that it meets the above requirements for integrity 
and temperature rise. (Many operators are now specifying, 
over and above any Rule requirements, divisions to 
‘H-120’ class rating, i.e. an ‘H’ Class division as defined 
above, suitably insulated to withstand the temperature 
criteria for 120 minutes.) 


NOTE 

‘H’ class divisions, in accordance with (a) above, are to be capa- 
ble of maintaining their integrity (i.e. preventing the passage 
of smoke and flame as opposed to insulation rating) for 60 
minutes. However, the Norwegian Petroleum Directorate 
(NPD) and the British Department of Energy (DOE) require 
‘H’ class division integrity to be maintained for 120 minutes. 


4.6 Non-Load Bearing Divisions 


Non-load bearing divisions equivalent to *A’ or ‘H’ Class are 
those divisions formed by fire walls or decks which comply with 
the following: 


(a) They are to be constructed of steel or other equivalent 
material. 

(b) They are to have sufficient strength for the intended 
purpose. 

(c) Theyaretobesoconstructed as to be capable of preventing 
the passage of smoke and flame to the end of the one hour 
standard fire test or the one hour hydrocarbon fire test as 
appropriate. 

(d) They are to be insulated with approved non-combustible 
materials such that the temperature rises stated for ‘A’ 
Class divisions and *H’ Class divisions are not exceeded. 

(e) They are to be satisfactorily connected to supporting struc- 
tural members which are capable of carrying all 
concentrations of loads to which they may foreseeably be 
subjected. 

(f) A test of a prototype fire wall or deck may be required to 
ensure that it meets the above requirements for integrity 
and temperature rise. 


4.7 Steel Or Other Equivalent Material 


Steel or other equivalent material, where the words ‘steel or 
other equivalent material’ occur, ‘equivalent material’ means 


Table 2: Minimum Scantlings for ‘A’ Class Divisions 
Resolution A. 163(ES.1V) | A.517(13) 
mm mm 
BULKHEADS 
Plate 
thickness — steel 4to6 4,520.5 
— aluminium 6to8 | 6+ 0,5 
STIFFENERS 
Spacing steel and aluminium | 700+ 100 600 
Scantlings — steel | 70+10x70+10x5to7 652 5x65+5x6t1 
— aluminium 100 + 10x 75+ 10x 8to 10 100+ 5x85+5x10+1 
DECKS 
Plate thickness — steel 4to6 45+05 
- aluminium | 6to8 6+0.5 
BEAMS 
Spacing steel and aluminium 700 + 100 600 
Scantlings - steel 100+ 10x 75+ 10x6to8 100+ 5x 70+5x8+1 
— aluminium 150+ 10x 90+ 10x 8to 10 150+ 5x100+5x9+1 


any non-combustible material which, by itself or due to insula- 
tion provided, has structural and integrity properties equivalent 
to steel at the end of the applicable exposure to the standard 
or hydrocarbon fire test (e.g. aluminium alloy with appropriate 
insulation). 


4.8 ‘B’ Class Divisions 


‘B’ class divisions are those divisions formed by bulkheads, 
decks, ceilings or linings which comply with the following: 


(a) They shall be so constructed as to be capable of preventing 
the passage of flame to the end of the first half hour of the 
standard fire test. 

They shall have an insulation value such that the average 
temperature of the unexposed side will not rise more than 
139°C above the original temperature, nor will the temper- 
ature at any one point, including any joint, rise to more 
than 225°C above the original temperature within the time 
listed below: 


(b) 


Class *B-15° 15 minutes 
Class *B-0° 0 minutes 


They shall be constructed of approved non-combustible 
materials and all materials entering into the construction 
and erection of ‘B’ class divisions shall be non- 
combustible, with the exception that combustible veneers 
may be permitted provided they meet other requirements 
which are applicable, namely low flame spread criteria. 
A test of a prototype division may be required to ensure 
that it meets the above requirements for integrity and 
temperature rise. 


(d) 


Reference is made to Recommendation on Fire Test Proce- 
dures for ‘A’, ‘B’ and ‘F’ class division, adopted by IMO 
Resolution A.517(13), which is described later in this paper. 


4.9 ‘C’ Class Divisions 


‘C’ class divisions are divisions constructed of approved non- 
combustible materials. They need meet neither requirements 
relative to the passage of smoke and flame nor limitations rela- 
tive to temperature rise. Such divisions therefore have no fire 
resistance but will not add to the fire load in any compartment 
where they are used. Combustible veneers are permitted 
provided they meet other requirements which are applicable, 
namely low flame spread criteria. 


4.10 ‘F’ Class Divisions 


‘F’ class divisions are those divisions formed by bulkheads, 
decks, ceilings or linings which comply with the following: 


(a) they shall be so constructed as to be capable of preventing 
the passage of flame to the end of the first one-half hour 
of the standard fire test; and 

they shall have an insulation value such that the average 
temperature of the unexposed side will not rise more than 
139°C above the original temperature, nor will the temper- 
ature at any one point, including any joint, rise more than 
225°C above the original temperature, up to the end of the 
first one-half hour of the standard fire test. 

A test of a prototype division may be required to ensure 
that it meets the above requirements for integrity and 
temperature rise. 


(b) 


Reference is made to Recommendation Fire Test Procedures 
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for ‘A’, *B’ and ‘F’ Class Divisions adopted by IMO by 
Resolution A.517(13), which is described later in this paper. 


4.11 Low Flame Spread 


Low flame spread means that the surface thus described will 
adequately restrict the spread of flame. A test of a sample of 
the surface may be required to ensure that it meets the criteria 
of an established test procedure. 


4.12 Material That Will Not Readily Ignite 


Material that will not readily ignite is material that will not burn 
easily or catch fire easily and includes combustible material 
which does not support continuous flaming, i.e. flaming for 10 
seconds or more. 

Primary deck coverings, if applied within accommodation 
and service spaces and control stations, shall be of a type that 
will not readily ignite or give rise to toxic or explosive hazards 
at elevated temperatures. 


4.13 Restricted Fire Risk 


For the purpose of passenger ships, those rooms containing 
furniture and furnishings of restricted fire risk are those which: 


(a) Allcase furniture such as desks, wardrobes, dressing table, 
bureaux, dressers, is constructed entirely of non- 
combustible materials, except that a combustible veneer 
not exceeding 2mm may be used on the working surface 
of such articles. 

All free-standing furniture such as chairs, sofas, tables, is 
constructed with frames of non-combustible materials. 
All draperies, curtains and other suspended textile mate- 
rials have, qualities of resistance to the propagation of 
flame not inferior to those of wool of mass 0.8 kg/m? . 
All floor coverings have, qualities of resistance to the prop- 
agation of flame not inferior to those of an equivalent 
woollen material used for the same purpose. 

All exposed surfaces of bulkheads, linings and ceilings 
have low flame spread characteristics. 

All upholstered furniture has qualities of resistance to the 
ignition and propagation of flame. 


5. FIRE TEST METHODS 


5.1 Introduction 


The following fire tests described in detail are those which are 
most frequently submitted in respect of fire certification to the 
Fire Section of Construction Services Department, Statutory 
Verification Services Group in Headquarters, London. 

It should be noted that certification is also carried out by 
LR on the basis of National Standards, when the testing has 
been carried out by a laboratory or fire testing establishment 
which is officially recognised/approved by the National 
Authority of the country involved and when satisfactory fire 
test reports are submitted. The tests should be attended by a 
Surveyor from LR however it should be noted that any atten- 
dance is only possible when the Surveyor is requested to do so 
by the Client. It is an advantage to both the manufacturer and 
the test laboratory to have a Surveyor in attendance in cases 
where conflict arises of events which occur during the test. 

At the time of writing the Fire Section has issued about 90 
various types and categories of fire certificates. These approved 
classes of materials and equipment and arrangements as 


described on the fire certificate i.e. the ‘descriptor’ are listed in 
Appendix E for reference. The list is not meant to be restrictive 
but helps identify particular arrangements and categories of 
fire approved components. 

All requests for fire certification together with the relevant 
information including Test Report data, results, conclusions 
and recommendations are to be submitted to the Fire Section 
in Headquarters. In no circumstances is any Outport Office 
permitted to issue factual reports or statements apertaining to 
the certification of fire protection materials or equipment. 


5.2. Time/Temperature Curves 


The various codes and standards all give a time/temperature 
relationship to which a specimen is to be subjected for estab- 
lishing a fire resistance rating. Although there are small 
variations between the various codes and standards there are 
basically two curves. One the standard curve which is represen- 
tative of a cellulosic fire and secondly the hydrocarbon curve. 
Table 3 compares the various codes and standards time/temper- 
ature relationships. 
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Table 3: Time/Temperature Values 
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- - - - 1095 - 
925 925 927 1150 1095 | 1100 
986 - - - 
1029 1010 1150 1095 
1090 - - 
4133 1093 1095 
1193 - 
1260 


5.3 Materials, Arrangements and Testing Criteria 


5.3.1 General 


Materials required to provide structural fire protection should 
comply with the requirements of a relevant code or standard. 
The materials and their method of assembly should be tested 
at a recognised independent establishment. 

The ASTM and the BS 476 et al, are acceptable standards 
in assessing the fire resisting properties of divisions for offshore 
installations in addition to the SOLAS requirements for fire 
resistance as applicable to ships. The test curve of time/temper- 
ature relationship in each standard is approximately the same. 

Certification can be given in the form of a factual Report 10 
and includes, when a specimen has not been fire tested in accor- 
dance with the SOLAS requirements, a statement of the 
SOLAS equivalence. 
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Figure 2 
Standard fire test curve (cellulosic) 


5.3.2 Divisions 


Fire resisting divisions of enhanced properties are often incor- 
porated in offshore installations, it should be noted the 
Department of Energy’s Offshore Installations: Guidance on 
Design & Construction presently only require a maximum of 
*A-60° Class. LR’s own Rules for fixed offshore installation, 
however, incorporate a maximum of *‘H-60" Class.Both may be 
increased to ‘H-120’ class in the future. 

Divisions are generally required to withstand fire from 
either side. Where one side of the division is expected to give 
a performance inferior to that of the other side, the specimen 
may be tested only from that side which is expected to give the 
inferior performance. 

In the majority of cases the most onerous condition is with 
the unexposed steel facing the furnace. Where there is any 
doubt as to the most onerous test condition specimens should 
be tested from each side. 

Where a specimen is tested with the insulation exposed to 
the furnace this would restrict the arrangement being used 
where it could clearly be established that the greater fire risk 
would be on the insulated side (e.g. outside stairwell casings 
and outside control stations). The certification would indicate 
any such restrictions. 

It should be noted that some fire resisting systems are only 
intended or are only effective when facing the high fire risk side 
(e.g. intumescent coatings). 

By definition, a SOLAS ‘A’ Class division is required to have 
a structural steel core of not less than 4.5 + 0.5mm thickness, 
whereas fire-resisting divisions complying with BS 476 may be 
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Graphical representation of time/furnace temperature for the first two hours of fire tests — cellulosic and hydrocarbon 


‘load. bearing’ or ‘non-load bearing construction’ neither 
requiring a steel core. It has thus been possible to accept 
constructions for offshore use as ‘non-load bearing systems’ 
supported by structural steel frames where these have been 
demonstrated to satisfy the required integrity and temperature 
rise criteria. Such systems commonly consist of an external 
light-weight profiled steel panel covered internally by a matrix 
of thermal insulation and an internal aesthetic lining. Their use 
in working areas of offshore installations is restricted by the 
possibility of mechanical damage to the light-weight construc- 
tion rather than from fire aspects. 

In accommodation spaces of offshore installations, each 
deck and its supporting structure, except where required to be 
constructed to ‘A-60° Class, should be constructed of material 
which by itself or due to the insulation provided will not lose 
its structural stability of fire integrity when subject to a 60 
minute standard fire test. In practice because of the mechanical 
loading a deck is expected to withstand, the deck is constructed 
to ‘A-0’ class as defined by SOLAS. 

If the SOLAS criteria for the scantlings of steel bulkheads 
or decks are met then it is accepted that the division meets the 
requirements for *“A-0’ Class with regard to the passage of 
smoke and flame without the need to fire test. In the offshore 
industry, although some bulkheads are constructed in this 
manner, it is common for divisions to be of corrugated panel 
construction and can be either load bearing or non-load bear- 
ing. If the corrugated panel has a minimum thickness of 4.0mm 
and the section modulus and inertia is equal to or greater than 
the section modulus of the defined ‘A’ Class division, then these 
panels are accepted as the steel core of an ‘A’ Class division 
without a fire test. Any increase in scantlings over and above 
the SOLAS criteria is generally acceptable without the need 
for a test. 

If the panel is less that 4mm thick or the section modulus is 
less than the section modulus of the defined ‘A’ Class division, 
the panel is considered to be non-load bearing and the panel, 
together with its joining arrangement would be the subject of 
a standard one hour fire test for certification. 

These divisions can be considered equivalent to the ‘A’ 
Class division steel core by virtue of having passed the fire test, 
however, they are not an ‘A’ Class division as defined by 
SOLAS and LR’ certification will clearly indicate a specimen’s 


test criteria. 

When using the non-load bearing systems particular atten- 
tion should be given to the following areas to ensure that the 
arrangements are similar to those that have been fire tested: 


— the depth and spacing of corrugations; 
— panel widths; 

vertical and horizontal details; 

other arrangements as applicable. 


The Surveyor in the field should be supplied, by the builders, 
at the time of survey with a valid certificate for the construction 
and also the test report as stated on the test certificate (and any 
drawings listed on the certificate), or alternatively an LR 
approved construction drawing. 

Care is to be taken to ensure that all construction details are 
as per tested with particular attention being given to joints, air 
gaps, insulation densities, insulation attachments etc. 

If the bulkhead is to be insulated to ‘A-60’ Class ete., then 
the insulation should be attached to a structural steel core or 
one that has been fire tested and has a valid fire test certificate. 
Typical insulation arrangements are listed below but are not 
limited to these arrangements. 


mineral wool; 

— sprayed on coatings - cement/vermiculite/intumescent; 
— calcium silicate boards; 

ceramic fibres. 


Particular attention should be paid to the staggering of joints 
in a layered system. When two or more layers of insulation are 
applied, 50% of the slab or mattress should be arranged either 
side of the joint, and in no case should the overlap be less than 
150mm. 

Which ever arrangement is used, the material should be 
fitted in accordance with the arrangements, including its 
method of attachment, that have been fire tested and are 
described in the relevant fire test report. For example if an insu- 
lation material was fire tested with the insulation exposed to 
the fire then the fire certificate is normally limited in that the 
insulation must be placed on the side exposed to the fire risk 
and should specify the location where it is permitted. 


The structural steel core criteria of an ‘H’ Class division is 
exactly the same as an ‘A’ Class division but of course the test 
criteria is different. 

The SOLAS steel core criteria is equally applicable to decks. 

The orientation of the specimen, in the furnace, is important. 
Bulkheads are tested in the vertical plane. Decks are tested in 
the horizontal plane. 

As stated previously, decks are fire tested in the horizontal 
position, in a suitable furnace. This by the nature of heat (i.e. 
the concentration of heat directly under the test piece) is a more 
onerous test than the vertical bulkhead test. Therefore, certi- 
fied decks may be used for bulkheads of the same fire rating or 
less. However, it should be ensured that a certified *A-60’ Class 
deck would be acceptable as an ‘A-60° Class bulkhead even 
though the component has been subject to the more onerous 
horizontal test. The positioning of the insulation and air gaps, 
if any, will be the deciding factor. For example a ‘B-15° Class 
ceiling in association with a suitable air gap and *A-0’ Class deck 
may well be acceptable for *A-60° Class deck certification but 
would fail the temperature rise criteria when tested for unre- 
stricted certification for an ‘A-60’ Class bulkhead. Care should 
therefore be taken when interpreting certificates for uses other 
than as stated on the certificate, and reference should be made 
to headquarters. 
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Figure 4 Test specimen orientation 


5.3.3 Penetrations 
5.3.3.1 General 


When fire testing doors, windows, dampers and other penetra- 
tions, the test specimen should be incorporated in a bulkhead 
or deck constructed similar to that which would be found in 
marine use. i.e. 4mm steel plating suitably stiffened, or equiv- 
alent, with a minimum width of 200mm of material surrounding 
the test item. The material should be insulated such as to 
achieve the desired integrity rating. 

Fire testing of penetrative components should be carried out 
in such a way as to demonstrate that the integrity of any division 
in which they are used will not be impaired. Generally this 
would mean that penetrating components tested on deck 
assemblies in the horizontal plane should be acceptable for use 
as bulkhead penetrations without further tests since the effects 
of the test fire will be more severe in the horizontal test. The 
above is particularly true if the penetration detail is symmetri- 
cal. Should this not be the case a fire test may be required, 
however, plan appraisal could avoid the need for a test. 

Components tested in the vertical plane are not normally 
acceptable for use in the horizontal plane without further test- 
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Figure 5 Testing arrangements 


§.3.3.2 Doors 


Doors are to be fire tested and must be capable (in the closed 
position) of reinstating the integrity of the division and be suit- 
ably insulated to the equivalence of that division in which they 
are located. The door fittings, hinges, locks, closing latches etc., 
must be fitted at the time of test and are to be representative 
of the ‘working’ door arrangement. Fittings are to be capable 
of withstanding temperatures of 925°C, thus usually eliminating 
aluminium components. Doors are to be tested full size. The 
dimensions of the door and whether sliding or hinged, and 
whether double leaf or single leaf will be stated on the certifi- 
cated category. 

Doors with an area up to 10% greater than that tested, with 
a general restriction of +10% on dimensions, i.e. width or depth 
of specimen, would be acceptable without any additional test- 
ing being required. 

Doors of sizes larger than the standard furnace size may be 
accepted on the basis of a test being carried out on a test spec- 
imen having the maximum possible width and depth acceptable 
for the furnace and a technical assessment being made of the 
results achieved. 

Doors of smaller sizes may be accepted on the basis of results 
achieved for tests on similarly proportioned doors of the same 
type. 

There has been a general reluctance to accept windows in 
doors. As glass technology has improved over recent years and 
as designers have addressed the construction of windows for 
marine use, particularly on offshore installations, concessions 
have been made to the placing of windows in doors. Initially 
vision panels were permitted in ‘B-15’ doors and today windows 
which have been shown to be equivalent to *A-0’ or *A-60° Class 
are now common. Windows in doors fitted to stairway enclo- 
sures are not permitted. Door and windows are now fire tested 
together to ensure the combination meets the fire resistance 
criteria the manufacturer claims. 


§.3.3.3 Windows 


Windows, by definition, cannot be considered as * A’ Class. They 
cannot for obvious reasons, be constructed with a steel or other 
equivalent material core. However, there are a number of 
systems on the market which have been demonstrated by fire 
testing to be equivalent in performance to *A-0’ and some have 
also been shown to have insulation rating which have been certi- 
fied to 60 minutes. (i.e. equivalent to *A-60° Class). The main 
disadvantage of any glazing system as far as structural fire 
protection aspects are concerned is the inability of the system 
to maintain its integrity ina real fire situation. The main dangers 
are mechanical damage and explosion thus leading to loss of 
integrity. 

Detail design of windows plays an important role in a 
window ‘fire’ performance. Windows must be fitted in accor- 
dance with the fire tested arrangements with particular 
attention to the window thickness, frame details and glazing 
type (i.e. if a pane is armour plated in the test, it is to be such 
when fitted on the ship or offshore installation). 

Windows in ‘A-60° Class divisions are not recommended, 
however, where these are necessary they should be glazed with 
diamond mesh wired glass and fitted with permanently attached 
steel shutters. Alternatively, the window assembly should be 
approved as complying within the *A-60° requirements in its 
own right. 


5.3.3.4 Steel Pipes 


When steel pipes penetrate ‘A’ Class divisions, these fall into 
two categories; 


Plate 4 
Test piece — double leaf sliding doors with glass panel 


(1) those which are not fire tested: 
(2) those proprietary devices which have been fire tested and 


are certified as such. 
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The arrangements which are not fire tested are those where 
the pipe is taken through the division and continuously welded 
to ensure the fire integrity is maintained. Alternatively the pipe 
can be passed through a 900mm steel sleeve, preferably equidis- 
tant on both sides of the division, 3mm thick. The sleeve is to 
be continuously welded to the division and the annulus between 
the sleeve and the pipe is to be packed with non-combustible 
insulation material and the ends suitably sealed. 

Where the steel pipes penetrate insulated fire rated divisions 
(i.e. ‘A-15°, ‘A-30° or *A-60°) then the insulation should be 
carried 450mm along the pipe from the penetration to prevent 
heat bridging. 


5.3.3.5 Plastic Pipes 


Plastic pipes are becoming more and more common in marine 
installations although some administrations express their 
dislike or explicitly do not permit their use. Where plastic pipes 
are allowed, (they are usually used for grey and black water 
systems) when they pass through an ‘A’ Class division the 
integrity of that division has to be maintained just as would be 
required for other penetrations. 

The integrity can be maintained either by a steel sleeve or 


a steel spigot. The steel section should be 900mm in length 
equally divided either side of the division and welded to the 
division. Insulation would be applied as required to maintain 
the insulation rating of the division as required. The above 
methods can be approved without testing but details should be 
submitted for appraisal prior to fitting. 


5.3.3.6 Cable Penetrations 


A number of manufacturers have fire tested what is known as 
multi-cable transits. These proprietary systems cover a range 
of cable sizes and configurations (i.e. a number of transits in 
series or in a block formation etc.,). Again it is important that 
the transit pieces are fitted in accordance with the fire test 
report and only fitted in divisions for which they are certified. 

This arrangement can be used when small bore pipes pene- 
trate fire rated divisions, though they are primarily designed 
for cable penetrations. A transit block is fitted into a frame 
which is continuously welded to the division. A compression 
plate is provided to the blocking material to enable a tight fit 
around the cables/pipes. 

All fire tested systems which are certified should be so fitted 
in a similar manner to that of the specimen that was fire tested. 
Manufacturers usually produce a range of seals of different 
sizes which have satisfactorily been fire tested and certified. 

Sealing systems are so designed as to reinstate the fire insu- 
lation requirements and/or the integrity of the division that has 
been penetrated. Therefore, the seals are categorized as to their 
insulation rating and as to whether they are acceptable for bulk- 
heads or decks. If a system is tested for decks and is of a 
symmetric type construction it will also be suitable for bulk- 
heads. This may not be the case of asymmetric type seals or 
seals tested in the vertical position. Just as for bulkheads and 
decks fire seals are categorized as being suitable for “A-0°, *A- 
15°, *A-30° or ‘A-60° Class division. 


5.3.3.7 HVAC Ductwork and Fire Dampers 


Where HVAC ducts with a free cross-sectional area exceeding 
0.075m2 penetrate fire rated divisions the ducts should gener- 
ally be constructed of steel, (LRTA paper Holland & Magill 
describe the requirements for HVAC ductwork), of minimum 
3mm thickness for a length of 900mm, preferably divided 
450mm on each side of the division. A fire damper should be 
installed as close as possible to the division penetration. Fire 
dampers are to be fire tested and thus will be certified as such. 
Damper construction and size is to be in accordance with the 
arrangements described in the fire test report. 

Dampers having an area + 10% and of same type as a test 
example may be accepted without any additional testing. 

As previously stated components tested in the vertical plane 
are not normally acceptable for use in the horizontal plane with- 
out further testing. This is particularly the case with some types 
of fire dampers which have been found satisfactory when tested 
in bulkheads but have had an integrity failure due to sagging 
of the damper blades when tested in deck assemblies. 

Fire dampers of proprietary design, required to maintain the 
integrity of fire resisting divisions in ships and offshore instal- 
lations, are required to be subjected to the standard or 
hydrocarbon fire test. 

Fire dampers are normally fire tested and approved as 
‘A-0" Class. Generally because of fire damper construction 
techniques the insulation temperature rise criteria is not 
complied with. Therefore, the ‘A-60° Class is maintained by the 
fire integrity of the ‘A-0° fire damper and suitable insulation of 
the ducting for a distance of 450mm past the vertical or hori- 
zontal plane (i.e., the blades in the closed position) of the fire 
damper. The insulation is to have the same fire integrity as the 


division through which the duct passes. 

A fire damper certificate will indicate that a tested damper 
is classified as ‘A-0’ Class but is suitable for installations in 
*A-15’, *A-30° and *A-60" divisions when suitable insulation is 
fitted (see Figure 6). 

Fire dampers may also be subject to the hydrocarbon test if 
required, for use in *H’ class divisions when suitable insulation 
is fitted. The correct orientation of the fire damper is also 
important and the certificate will state whether the damper is 
suitable for bulkheads only or decks and bulkheads. 

A small number of fire dampers have been tested and certi- 
fied as *A-60" class. Such certified fire dampers do not require 
the 450mm of insulation. 

An instance has been recorded at a fire test which used a 
hydrocarbon time/temperature curve when the actuation of the 
automatic closing mechanism was unduly retarded. This 
resulted in the damper blades being distorted by heat to such 
an extent that when the mechanism did operate, complete 
closure of the blades was not possible and the test was aban- 
doned. 

If the test had been commenced with the damper blades in 
the closed position this defect would have gone undetected. 

Therefore, it is the practice for tests to commence with the 
damper blades in the open position and the satisfactory oper- 
ation of the automatic closing mechanism demonstrated before 
proceeding further with the test. 


5.3.3.8 Louvres/Shutters 


Where louvres or roller shutters are to be fitted into ‘A’ or ‘H’ 
Class divisions they are to be capable of withstanding the one 
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Figure 6 
‘A’ Class dampers — insulation arrangements 


Plate 5 
Vertical and horizontal furnaces 


hour standard or hydrocarbon fire test as necessary. Because 
of the inherent construction of louvres and roller shutters it is 
not possible to achieve an insulation rating. 

To reiterate fire tested components must only be fitted in 
accordance with the fire tested arrangements and materials as 
detailed in the test report referred to in the certification. The 
manufacturers are to advise any deviation of frame detail or 
the hinge and latching arrangements at an early stage. 


5.3.3.9 Proprietary Fire Seals 


Flexible skirt seals consist of a sleeve continuously welded to 
the division through which the pipe passes. The passage of 
flame and smoke is prevented by fitting a flexible skirt between 
the end of the sleeve and the pipe. Depending upon the arrange- 
ment a seal may be fitted at one end only or at both ends of the 
sleeve. The arrangement is tested and will be certified. For the 
test the pipe should be fitted in a steel plate representative of 
an*A-0’' division and the pipe itself should be securely anchored 
but not to the test plate since the expansions and movements 
of the pipe and steel plate all constitute an important part of 
the test. 


5.4 Furnace Arrangements 


There are four types of furnaces normally used in the fire testing 
of components, namely: 


1. Vertical furnace — see Figure 7 
2. Horizontal furnace 

3. Column furnace 

4. Metre cube furnace. 


As implied by their names the first two of the above furnaces 
are used to enable specimen test pieces to be correctly orien- 
tated. Sizes of specimens are shown in Figures 8 and 9, 
Compressive or axial loads can be applied to test pieces in the 
column furnace. 

The fourth furnace is a smaller furnace used mainly for test- 
ing penetration items such as dampers, pipe and cable transit 
pieces, seals, etc. 

Additionally ad-hoc furnace types are used when testing 
flexible hoses for offshore use due to the test specimen sizes. 

Where alternative furnace arrangements are proposed to be 
used, full details should be submitted to the Fire Section prior 
to any testing being carried out. 
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Figure 7 
Typical test furnace and fixing arrangements 
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6. FIRE TEST PROCEDURES 


6.1 Fire Test Procedures for ‘A’, ‘B’ and ‘F’ Class Divisions 


Recommendation on fire test procedures for *A’,*B’ and ‘F’ class 
divisions (Res. A.517(13)) (Supersedes Res. A.163(ES.IV) and 
Res. A.215(VII)). 


6.1.1 General 


Under the provisions of the International Convention for the 
Safety of Life at Sea, 1974, and subsequent amendments 
thereto, and the Torremolinos International Convention for the 
Safety of Fishing Vessels, 1977, constructions and materials for 
use in passenger ships, cargo ships, and fishing vessels as ‘A’ 
class bulkheads and decks, ‘A’ class doors, *B’ class bulkheads, 
ceilings and decks, ‘B’ class doors, ‘F’ class bulkheads, decks, 
ceilings and linings and ‘F’ class doors should have an insulating 
value to the satisfaction of, and be approved by, LR. 

Such approval will be based on reports from a testing labo- 
ratory recognized by LR of results obtained from tests carried 
out on the construction and material in question, and therefore 
the manufacturer or agent should, if required, submit test spec- 
imens and information to the testing laboratory as laid down 
in 6.1.2. 

The dimensions of the structural cores of the test speci- 
mens given in 6.1.2 are intended for structural cores of 
stiffened flat plates of steel or aluminium alloy. LR may 
require tests to be carried out on specimens having structural 
cores of materials other than steel or aluminium alloy if such 
materials are more representative of the construction to be 
used on board ships. 

Although both steel or aluminium alloy constructions are 
included in this test procedure, uninsulated steel bulkheads or 
decks of suitable scantlings and without openings meet the 
requirements for ‘A’ class divisions with regard to the passage 
of smoke and flames whereas uninsulated aluminium alloy 
bulkheads or decks do not meet the requirements. 

It is intended that insulating materials which pass the appro- 
priate test for ‘A’ class divisions and ‘B’ class decks may be used 
in conjunction with constructions of steel or aluminium, 
whichever is applicable, having heavier scantlings than indi- 
cated in 6.1.2. 

A material used to insulate the structural core of a test spec- 
imen for an ‘A’ class division and panels of a material used in 
the construction of a test specimen for a ‘B’ or ‘F’ class division 
should be tested without paint or other superimposed finish; 
provided that where such materials and panels are only 
produced with a superimposed finish, and subject to the agree- 
ment of LR, such materials and panels may be required to be 
tested with a superimposed finish if such a finish is considered 
by LR to have a detrimental effect on the performance of the 
‘A’, ‘B’ or ‘F’ class division of which such a material or panel is 
part. 


6.1.2 Nature, Size and Erection of Test Specimens 
6.1.2.1 Insulated ‘A’ Class Bulkheads 
(a) Dimensions of structural core. 


The dimensions of the structural core should be in accor- 
dance with Figure 8 and the following: 


thickness of plating: Steel 4.5 + 0.5mm 
Aluminium 6.0 + 0.5mm 
vertical stiffeners 
spaced at600mm: Steel 65+5x65+5x6+ 1mm 
Aluminium 100+5x75+5x9+ 1mm 
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(b) Insulating Materials: 


The following information should be submitted by the 
manufacturer: 


— the identification mark and trade name; 
principal details of composition; 

— nominal density at ambient temperature; 

— specific heat at ambient temperature; 

— thermal conductivity at ambient temperature. 


Dimensions of Panels of Insulation Material: 


(c) 
If the insulation consists of panels of a material, the test 
specimen should be constructed of the panels at least one 
of which is to be the maximum width which may be used 
in practice, subject to at least one joint being incorporated. 


(d) Drawings: 


A drawing of the test specimen indicating the following 
should be submitted by the manufacturer: 


— details and dimensions of the structural core; 

— thickness of insulation in way of plating and stiffeners; 

— methods of securing insulation and details of materials 

used for this purpose; 

— details of joints, connections and air gaps, if any. 
(e) The testing laboratory should determine the actual thick- 
ness of the insulating material of the test specimen and the 
density and, where applicable, the water and/or binder 
content of reference specimens of the insulating material 
after they have been conditioned in the same manner as 
specified for the specimen in 6.1.3.1(a). 


The methods of determining these properties should be as 
specified in 6.1.3.3. The reference specimens for sprayed 
insulating materials should be made when the material is 
sprayed on the bulkhead panel and they should be sprayed 
in the vertical position in a similar manner as the bulkhead 
panel. 


6.1.2.2 Insulated ‘A’ Class Decks 
(a) Dimensions of Structural Core. 


The dimensions of the structural core should be in accor- 
dance with Figure 8 and the following: 


thickness of plating: Steel 4.5 + 0.5mm 
Aluminium 6.0 + 0.5mm 

deck beams 

spaced at 600mm: Steel 100+5x 70+5x8+1mm 
Aluminium 150+5x 100+5x9+ 1mm 


(b) Insulating Materials. 


(c) 


Dimensions of Panels of Insulating Material. 


(d) 


Drawings. 


(e) Sundry Items. 


The requirements for the above are as for ‘A’ class bulk- 

heads. 
(f) Light Fittings and Ventilation Units in Ceilings forming 
‘the insulating medium for ‘A’ Class Decks. LR may require 
tests to be carried out on ceiling constructions which incor- 
porate light fittings and ventilation units in order to verify 
that the fire performance of the ceilings is not impaired by 
such fittings and units. 


fi 


Section A-A 


| 1910 mm 


Notes. 


1. The dimensions of specimen shown are 
minimum and may be increased to fit the 
supporting frame in a laboratory 


2. * and (*) indicate positions of surface 
thermocouples (see 6.1.3.1.(h)) 


3. Thermocouples marked@)are not required 
to be fitted to a specimen of a"B" class deck 


Figure 8 


Fire test specimen for ‘A’ Class divisions and ‘B’ Class decks 


6.1.2.3 *A’ Class Doors and Frames 


(a) 


(b) 


General. 


The specimen should be representative of the door and 
frame to be used on board ships, including the materials 
and the method of construction. 


Materials of Construction. 


The door and frame should be constructed of steel or other 
equivalent material and insulated as necessary to achieve 
the desired standard of insulation. Door furniture such as 
hinges, locks, latches, shoot bolts, handles etc. should be 
constructed of materials having melting points of not less 
than 950°C. 


Erection of the Test Specimen. 
(i) The door and frame should always be tested as an 
assembly. 

(ii) The doorframe should be mounted in an ‘A class steel 


(e) 


bulkhead constructed in accordance with 6.1.2.2.(a) 
The bulkhead stiffeners should be on the unexposed 
side of the bulkhead and the bulkhead should be insu- 
lated on the exposed side with a material approved 
by LR to at least the same standard as that which the 
door is intended to achieve, e.g. a door of ‘A-15’ stan- 
dard should be tested in a bulkhead insulated to at 
least ‘A-15’ standard. The door which is tested should 
be the maximum size which is intended to be used on 
board ships. 

A door should be tested from the side expected to give 
the inferior performance. A hinged door is to open 
away from the fire unless LR deems otherwise. 

(iv) A door is not to be locked when tested. 


a? 


(iii 


Insulating Materials. 


As required for ‘A’ class bulkheads. 


Drawings. 


A drawing of the test specimen indicating the following 
should be submitted by the manufacturer: 


— dimensions and details of the ‘A’ class bulkhead; 

— dimensions and details of the door and frame construc- 
tion, including the clearances between the edges of the 
door and the doorframe; 

— details of the connection of the frame to the bulkhead; 

— method of securing insulation and details of materials 
used for this purpose; 

— details of fittings such as hinges, shoot bolts, latches, 
locks etc. 


Before the test, the laboratory should determine the actual 
clearances between the edges of the door and the door- 
frame after the test specimen has been erected. 


6.1.2.4 ‘B’ or *F’ Class Bulkheads and Linings 


(a) 


(c) 


(d) 


Materials. 


The following information should be submitted by the 
manufacturer: 


— identification mark and trade name of the material; 

— principal details of composition and construction; 

— the panel widths are to be specified; 

— nominal density at the ambient temperature; 

— specific heat at ambient temperature; 

— thermal conductivity at ambient temperature; 

— whether the materials are combustible 
combustible. 


or non- 


Dimensions. 


The dimensions of the test specimen should be in accor- 
dance with Figure 9. The test specimen should be 
constructed of panels at least one of which is the maximum 
width which may be used in practice, subject to at least one 
joint being incorporated. 


Drawings. 


A drawing of the test specimen indicating the following 
should be submitted by the manufacturer: 


— panel identification mark and trade name: 
— measurements and details of joints and materials used. 


The testing laboratory should determine the actual dimen- 
sions of the panels and the density and, where applicable, 


the water and/or binder content of reference specimens of 
the panels after they have been conditioned in the same 
manner as specified for the test specimen in 6.1.3.1(a). The 
methods of determining these properties should be as 
specified in 6.1.3.3. 


2440 mm 


| 1910 mm | 


Notes. 1. The dimensions of specimen shown are 


minmimum and may be increased to fit the 
supporting frame in the laboratory 


2. Dimension A is the maximum width of panel 
used in practice. 


3. ‘e indicates the positions of surface 
thermocouples (see 6.1.3.1.(h)) 


Figure 9 
Fire test specimen for ‘B’ or ‘F’ Class bulkheads 


6.1.2.5 ‘B’ or *F’ Class Ceilings 


General. 


The test specimen should be suspended from a steel deck 
panel constructed in accordance with the structural core 
of an ‘A’ class deck outlined in 6.1.2.2(a). The construction 
of the ceiling and method of suspension should be repre- 
sentative of the construction and method to be used on 
board ships. Small viewing and access openings should be 
provided in the restraint frame or furnace wall between 
the ceiling and the deck panel in order that observations 
can be made of the upperside of the ceiling and tests for 
the penetration of hot gases may be carried out as required 
by 6.1.4.2(b). Such access openings should be provided 
with suitable covers or plugs. 


(b) Materials. 
As required for *B’ or ‘F’ class bulkheads and linings, 
together with details and dimensions of supporting steel 
deck panel. 

(c) Dimensions. 
The dimensions of the panels of material from which the 
ceiling is constructed should be the maximum which are 
to be used in practice, subject to at least one joint being 
incorporated. 

(d) Drawings. 


As required for ‘B’ or ‘F’ class bulkheads and linings, and 
additionally, measurements and details of ceiling joints, 
suspension and all materials used, and, details of support- 
ing steel deck panel. 

(e) Sundry Items. 
As required for ‘B’ or ‘F’ class bulkheads and linings. 

(f) Light Fittings and Ventilation Units in ‘B’ or ‘F’ Class 
Ceilings. 


As required for ‘A’ class decks. 


6.1.2.6 *‘B’ Class Decks 
(a) General. 


This section is for decks constructed of aluminium alloy 
which are required to meet a B-0 standard. Uninsulated 
intact steel decks meet the requirements of ‘B’ class stan- 
dard with regard to preventing the passage of flame and 
therefore satisfy B-0 standard. 

(b) Dimensions of Structural Core. 


The structural core should be of aluminium alloy having 
dimensions in accordance with Figure 8 as follows: 


thickness of plating: 6.0 + 0.5mm 
deck beams 
spaced at600mm: 150+5x100+5x9+1mm 


(c) Insulating Materials. 

(d) Dimensions of Panels of Insulation Material. 

(e) Drawings. 

(f) Sundry Items. 

(g) Light Fittings and Ventilation Units in Ceilings forming 


the insulating medium for a *B’ Class Deck. The require- 
ments for the above are as for ‘A’ class decks. 


6.1.2.7 *F’ Class Decks 


(a) General. 
The specimen should be representative of the deck to be 
used on board fishing vessels including the materials and 
method of construction. 

(b) Materials. 


The requirements are as for *F’ class bulkheads and linings. 


i] 


(c) 


(d) 


(e) 


Dimensions. 


The dimensions of the materials from which the deck is 
constructed and insulated, if applicable, should be repre- 
sentative of those which are to be used in practice and joints 
should be incorporated where applicable. 


Drawings. 


A drawing of the test specimen indicating the following, 
where applicable, should be submitted by the manufacturer: 


— identification marks and trade names of the materials; 

— measurements and details of the construction of the test 
specimen including the deck, beams, insulation and 
method of securing the insulation, joints and all materi- 
als used. 


The testing laboratory should determine the actual dimen- 
sions of the components of the test specimen and density 
of the insulating material, if any. 


6.1.2.8 *B’ or *F’ Class Doors and Frames 


(a) 


(b) 


General. 

The specimen should be representative of the door and 
frame to be used on board ships, including the materials 
and method of construction. 


Material of Construction. 
(i) Hinges should be constructed of materials having 
melting points of not less than 950°C. The remaining 
door furniture such as locks, latches and handles 
should be constructed of materials having melting 
points of not less than 845°C unless it can be shown 
by the fire test that materials having melting points 
below 845°C do not adversely affect the performance 
of the door. 

(ii) The following information should be submitted by the 
manufacturer: 


— identification mark and trade name; 

— principal details of composition and construction; 

— nominal density at ambient temperature; 

— specific heat at ambient temperature; 

— thermal conductivity at ambient temperature; 

~ whether the materials are combustible or non- 
combustible. 


Erection of Test Specimen. 


The door and frame should always be tested as an 
assembly. 


The doorframe should be mounted as appropriate in 
a ‘B’ or ‘F’ class bulkhead constructed in accordance 
with 6.1.2.4.(b). The bulkhead should be constructed 
of a material approved by LR. 

(ii) A door should be tested from the side expected to give 
the inferior performance. A hinged door is to open 
away from the fire unless LR deems otherwise. 


(iv) A door is not to be locked when tested. 


Drawings. 

A drawing of the test specimen indicating the following 

should be submitted by the manufacturer: 

— dimensions and details of the *B’ or ‘F’ class bulkhead 
as appropriate; 
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6.1.3 


— dimensions and details of the door and frame construc- 
tion including the clearances between the edges of the 
door and doorframe; 

— details of the connection of the frame to the bulkhead; 

— details of hinges, locks, handles, ventilation louvres, 
escape panels etc. 


Before the test, the laboratory should determine the actual 


clearances between the edges of the door and doorframe 
after the test specimen has been erected. 


Method of Testing 


6.1.3.1 Fire Resistance Test 


This test should be carried out with the specimens mentioned 
in 6.1.2.1 to 6.1.2.8 inclusive. 


(a) 


(b) 


Conditioning of Test Specimen. 


Test specimens should be conditioned to approximately 
constant weight with an atmosphere of a relative humidity 
of 55 + 15% and a temperature of 20 + 5°C. The duration 
of conditioning a test specimen should be determined by 
the time taken for the small reference specimen of the insu- 
lating material used in the test specimen to attain 
approximately constant weight in the above atmosphere. 
Other reliable methods of verifying that the material has 
reached equilibrium with the specified conditions may be 
used by the testing laboratory. After conditioning but 
before testing the temperature of the specimen should not 
exceed 40°C. 


Means of fastening specimens in the furnace. 
(i) The specimens constructed as indicated in 6.1.2.1 to 
6.1.2.8 inclusive, should be mounted in the furnace in 
such a way as to give an exposed surface of at least 
4.65m2 and a bulkhead height or deck panel length 
of at least 2.44m. 


Bulkheads and doors should be tested in a vertical 
position and decks and ceilings in a horizontal posi- 
tion. 


(ii) 


— 


(iii) A specimen of a construction which is required to 
withstand fire from either side should be tested from 
each side if required by LR. Where one side of the 
specimen is expected to give a performance inferior 
to that of its otherside, LR may require the specimen 
to be tested only from that side which is expected to 
give the inferior performance. 


A specimen of a deck or ceiling construction should 
be tested with only the underside of the specimen 
exposed to the furnace. 


The specimen should be secured as follows: 


— inthe case of an ‘A’ class division, or a *B’ class deck 
or ceiling, or an *F’ class deck or ceiling, the speci- 
men should be restricted against expansion on all 
four sides, except if it is intended in service to 
provide movement for expansion at the edges of a 
ceiling or at intervals across it in the longitudinal or 
transverse direction, the test specimen should simu- 
late these conditions. Details of the method of 
securing and restricting the specimen should be 
shown in the test report; 

— in the case of a ‘B’ or ‘F’ class bulkhead, the speci- 
men should be supported at the top and secured on 
the vertical sides and at the bottom in a manner 


Diameter of Dimensions of crimping tip (mm) Mass of 
thermocouple } crimping 
wire (mm) | Length | Width ‘A’ | Width ‘B’ | tip ig) 
0.75 to 0.8 * 3 | 2 | 0:15 
abi dcis agence seal = hal a Bettas A ac schtia 

15 Is 6 4 | 0.38 


Figure 10 
Detail of crimping head for fabricating thermocouple 
junctions (see 6.1.3.1.(c)(i)) 


Heat resisting steel tube 


High temperature 
25 75 insulant fire clay 


Ceramic or similar insulator 
10 mm daimeter maximum 


Hot junction 


Figure 11 
Detail of thermocouples for measuring furnace 
temperatures (see 6.1.3.1.(c)(i)) 


representative of the conditions in service. Details 
of the method of securing the specimen should be 
shown in the test report. If provision for the move- 
ment at the edges of a bulkhead is made for a 
particular construction in service, the specimen 
should simulate these conditions: 

— the method of securing should be such that there is 
no possibility of misinterpretation of test results of 
passage of flame and smoke for *A’ class divisions 
and passage of flame for *B’ or ‘F’ class divisions at 
the edges of the specimen when the method of 
fixing is not the subject of the test. 


Furnace Control. 


In the case of specimen size specified in Figures 8 and 
9, the furnace temperature should be determined by 
means of four thermocouples of not less than 0.75mm 
diameter and not more than 1.5mm diameter. For 
specimens larger than specified in Figures 8 and 9, 
additional thermocouples should be provided in the 
proportion one per 1.25m2 of the specified area. In 
the case of a door assembly, specimen area refers to 
the entire bulkhead construction with the door fitted. 
Thermocouples should be uniformly disposed over 
the specimen area with a spacing between the ther- 
mocouples in the horizontal and vertical plane, within 
the range of 0.75m to 1.25m. 


The thermocouples should be arranged with each hot 
junction at such a position that an arc of 100mm radius 
described from that junction meets the exposed face 
of the specimen or any projection. The hot junctions 
of the thermocouples should not be located at posi- 
tions within the furnace where they are subject to 
direct flame impingement. 


The hot junction of the thermocouples may be formed 
by welding or crimping the ends of the wires. The 
crimping should be done by using a crimping tip as 
shown in Figure 10. 


Other types of thermocouples may also be used to 
control the furnace temperature. In all cases the 
response time characteristics of the thermocouples 
should not be inferior to that provided by a crimped 
tip thermocouple having a mass of 0.38. 


The wires should be insulated from each other by 
ceramic insulators or similar of not more than 10mm 
diameter and the hot junction should project 25mm 
from the end of the insulators. The insulated wires 
should be housed and supported in suitable heat 
resisting steel tubes (e.g. ‘Inconel’ or *Chromite’) and 
arranged so that the ceramic or similar insulated 
portion projects 75mm. The steel tubes should be 
sealed and packed with a high temperature insulant 
or fire clay. A sketch of a thermocouple is shown in 
Figure 11. 


Provision should be made for the steel tubes to be 
moveable in order that the 100mm spacing may be 
maintained between the hot junctions of the thermo- 
couples and the test specimen where distortion of the 
specimen occurs. 


The thermocouple wire should be either continuous 
to the recording instrument or suitable compensating 
wire should be used with all junctions maintained as 
near as possible at ambient temperature conditions. 


(il) 


(ili) 


(iv) 


The furnace temperature rises should be continuously 
controlled so as to follow the standard time/temper- 
ature curve within the limits specified in 6.1.3.1(c)(iv) 
below. 


The standard time/temperature curve is defined by a 
smooth curve drawn through the following points 
measured above the initial furnace temperature: 


at the end of the first 5 minutes — 556°C 

at the end of the first 10 minutes — 659°C 

at the end of the first 15 minutes — 718°C 
— at the end of the first 30 minutes — 821°C 
— at the end of the first 60 minutes — 925°C 


The accuracy of the furnace control should be as 
follows: 


During the first 10 minutes of the test the area under 
the curve of mean furnace temperature should not 
vary by more than + 15% of the area under the stan- 
dard curve. 


During the first half hour of the test the area under 
the curve of mean furnace temperature should not 
vary by more than + 10% of the area under the stan- 
dard curve. 


For any period after the first half hour of the test the 
area under the curve of mean furnace temperature 
should not vary by more than + 5% of the area under 
the standard curve. 


Pressure in the furnace: 


An overpressure should exist in the furnace relative 
to the laboratory during the whole heating period of 
an ‘A’, ‘B’ or ‘F’ class test except during the first 5 
minutes of the test when the overpressure may be 
outside the limits specified below. 


For bulkhead and door assemblies, the overpressure 
should exist over at least the upper two thirds of the 
height of the test specimen. An overpressure equal to 
10 + 2 pascals (1 + 0.2mm water gauge) based on a 
short period average of rapid fluctuations should be 
measured and monitored. 


— in the case of deck and ceiling constructions, at a 
point 100mm below the lower surface of the test 
specimen; and 

— inthe case of bulkheads or bulkheads incorporating 
door assemblies, at a point located approximately 
three quarters of the height of the test specimen. 


(d) Construction of thermocouples for measuring the temp- 
erature on the unexposed side of the specimen (See 
Figure 12). 


(i) 


Each thermocouple should be of 0.5mm diameter 
wires brazed to a copper disc 12mm in diameter and 
0.2mm in thickness. 


Both wires should be brazed to the same face of the 
disc, at positions diametrically opposite with an over- 
lap onto the copper disc of at least 4mm (see 
Figure 12). 

The thermocouples should be covered with an 
asbestos pad, 30mm square by 2mm thick. 


The asbestos pad should have a density of 900kg/m3 
+ 10% and a thermal conductivity of 0.13w/m/°C + 
10% at 100°C. Other materials with similar thermal 
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Test specimen 


properties may be used in place of the asbestos. 


The thermocouple constructional procedure should 
be as follows: 


— the pad should be drilled to allow the wires to pass 
through it, the holes being the same diameter as the 
wire, at positions along a centreline 12mm apart 
equally spaced from the edges; 

— the face of the thermocouples disc with wires brazed 
thereto should be in contact with the face of the pad 
thus ensuring a smooth surface for contact with 
specimen; 

~ no adhesive should be used between the thermo- 
couple and the pad. 


The thermocouple wires should protrude from the 
pad by at least 150mm and should be insulated with a 
woven sleeving of glass or similar fibre. Any other 
suitable material may be used to sheathe the thermo- 
couple wires providing that such material is not likely 
to become damaged during the test. 


Connection to the measuring instrument should be by 
wires of similar or appropriate compensating type. 


The thermocouple leads should be supported in such 
a way that the thermocouples and/or leads do not 
become disconnected during the test due to their 
weight or to the distortion of the test specimen. 


0,5 mm diameter thermocouple 


0,5 mm diameter holes Wires brazed to copper disc 
in asbestos pad 


Asbestos pad 


Adhesive 


Copper disc not to be coated with 
adhesive and to be in contact with 
surface of test specimen 


(see 6.1.3.1.(d)) 


Asbestos pad - 30 mm square and 2 mm thick 
Shading indicates the area over which the 
adhesive is to be applied 


Copper disc 
12 mm diameter 
and 0,2 mm thick 


NS 


Brazing to be 
4mm minimum 


Figure 12 


Detail of thermocouples fitted to unexposed side of test 


specimens (see 6.1.3.1.(d)) 


(ii) The thermocouples should be fixed to the unexposed 
surface of the specimen as follows: 


Steel: The asbestos pad with the thermocouple fitted 
should be bonded to the cleaned surface of the steel 
using a ‘water-based ceramic cement’ produced by 
integrating the components to form a high tempera- 
ture resistant adhesive. The adhesive should be of 
such a consistency that no mechanical aid is necessary 
for retention purposes during the drying process, but 
where difficulty in bonding is experienced, retention 
by adhesive tape may be employed provided that the 
tape is removed sufficiently long in advance of the test 
to allow complete drying of the adhesive. Care is 
required in the removal of the tape to ensure that the 
asbestos pad is not damaged. If the thermocouple pad 
is damaged when the tape is removed then the ther- 
mocouple should be replaced. 


Fibrous Surfaces: The thermocouples with asbestos 
pads fitted should be arranged in such a way that if a 
surface wire mesh is present it may aid retention and 
in all cases the bond to the fibrous surface should be 
made using a ‘contact’ adhesive. The nature of the 
adhesive necessitates a drying time before mating 
surfaces are put together thus obviating the need for 
external pressure. 


Site applied wet fibrous spray: Thermocouples 
should not be fitted until the insulation has reached 
a stable moisture condition. In all cases the bonding 
technique for steel should be used and where a 
surface wire mesh is present the thermocouples 
should be affixed to the insulation in such a way that 
the wire mesh aids retention. 


Site applied mineral aggregate spray: The technique 
specified for wet fibrous spray should be used. 


Boards of fibrous or mineral aggregate-composition: 
The bonding technique for steel should be used. 


In all cases of adhesive bonding the adhesive should 
be applied in a thin film, thin means the minimum 
thickness which experience shows to be practical for 
an adequate bond which ensures that the copper disc 
is in contact with the surface of the test specimen, 
which is sufficient to give an adequate bond and there 
should be a sufficient lapse of time between the bond- 
ing of the thermocouples and the test for stable 
moisture conditions to be attained in the case of the 
ceramic adhesive and evaporation of the solvent in 
the case of the content adhesive. 


(iii) Preparation of the surfaces to receive the thermo- 
couples. 


Steel: Surface finishes should be removed and the 
surface cleaned with a solvent. Loose rust and scale 
should be removed by wire brush. 


Irregular Surfaces: A smooth surface not greater than 
100mm x 100mm to provide adequate adhesive bond 
should be made for each thermocouple by smoothing 
the existing surface with a suitable abrasive paper. The 
material removed should be the minimum to provide 
adequate bonding surface. Where the surface cannot 
be smoothed, fillings should be used of minimum 
quantity to provide a suitable surface. The filling 
should comprise a ceramic cement and when the filled 
surface is dry it should be smoothed, if necessary, with 
abrasive paper. 


(e) 


(f) 


(g) 


Construction of thermocouples for measuring the temper- 
ature of the structural core. 


The thermocouples should be constructed from wires not 
greater than 0.75mm diameter with the hot junctions 
formed by welding or crimping (as detailed under 
6.1.3.1(c)). The wires should be untwisted at the junctions 
and suitably insulated. The structural component should 
be drilled to receive either the welded junction or the 
‘crimped tip’ and the surrounding structural component 
material peeled over to lock the thermocouple in position. 
The depth of the hole to be drilled in the case of the welded 
junction or ‘crimped tip’ should be 2mm. 


Flaming on unexposed side of the specimen. 


Where flaming occurs on the unexposed side of an ‘A’, *B’ 
or ‘F’ class specimen within the duration of the test, the 
specimen should be deemed to have failed the test. 


Test for penetration of smoke and/or hot gases. 


The purpose of this test is to indicate whether cracks and 
openings formed during the test are such that they would 
lead to the passage of smoke and/or hot gases. 


(i) Where cracks and openings are formed during the 
test, an ignition test as prescribed in 6.1.4.1(b) and 
6.1.4.2(b) should take place immediately after the 
appearance of the cracks or damage followed by simi- 
lar tests at appropriate intervals. 

(ii) The cotton wool used for the test prescribed in 

6.1.4.1(b) and 6.1.4.2(b) should consist of new, 

undyed and soft fibres without any admixture of arti- 
ficial fibres, and it should be free from thread, leaf 
and shell fibre dust. A suitable material for this 
purpose is packaged in the form of rolls for surgical 
use. A pad should be cut measuring 100mm x 100mm 
and approximately 20mm in thickness and weighing 
between 3 and 4g. The pad should be oven dried prior 
to the test and should be attached by means of wire 

clips to a 100mm2 frame of Imm diameter wire. A 

wire handle approximately 750mm in length may be 

attached to the frame to facilitate its use on the test 
specimen. 


(iii) When testing for cracks or openings during the test 
the pad should be held over the crack or opening with 
the aperture located in the central part of the cotton 
wool. Each pad should be applied only once. 


(h) Temperature observations during test. 


(i) All observations should be taken at intervals not 
exceeding 5 minutes. The surface temperatures on the 
unexposed side of the test specimen should be 
measured by thermocouples located as follows and 
indicated in Figures 8 and 9. 


Four thermocouples each located approximately in 
the centre of a quarter section of the test specimen 
and at least 100mm clear of any joints; 


One thermocouple located approximately at the 
centre of the test specimen and at least 100mm clear 
of any joints; 

Atleast one thermocouple placed in way of or as close 
as possible to each of the central stiffeners in a spec- 
imen for an ‘A’ class division; 

At least one thermocouple placed at a joint, if any, at 
0.75 height in a specimen of an ‘A’ class division; 


At least one thermocouple placed at a vertical joint 
at0.75 height in aspecimen of a*B’ or*F’ class division. 


Additional thermocouples at the discretion of the 
testing laboratory or Society for the purpose of deter- 
mining the temperature at points deemed likely to 
give a greater temperature rise than any of the 
thermocouples mentioned above. 
(ii) The surface temperatures on the unexposed side of 
an*A’,*B’ or*F’ class door should be measured by five 
thermocouples located as for a bulkhead in 
6.1.3.1(h)(i) above and at least 100mm clear of the 
edges of the door, lock and latch boxes and hinges. 
LR may require additional thermocouples to be 
located in way of or as close as possible to any stiff- 
eners of the door panels. 


(iii) The average temperature rise on the unexposed 
surface of the test specimen should be obtained as 
follows: 


For a specimen of an ‘A’ class division or door by the 
average reading of the thermocouples mentioned in 
6.1.3.1(h)(i) above. 


For a specimen of a ‘B’ or ‘F’ class division or door by 
the average reading of the thermocouples mentioned 
in 6.1.3.1(h)(1) above. 


(iv) Where LR requires or permits either an insulating 
material for *A’ class divisions and ‘B’ class decks or 
a material used in the construction of *B’ or *F’ class 
divisions to be tested with a superimposed finish e.g. 
a floor covering material which may have a detrimen- 
tal effect on the performance of the ‘A’ class deck as 
mentioned in 6.1.3.1(h)(i) and the superimposed 
finish is combustible, the finish be removed in way of 
the position in which the thermocouples mentioned 
in 6.1.3.1(h)(iii) above are to be placed such that the 
thermocouples are in contact with the insulating 
material. This need not be done when the superim- 
posed finish is non-combustible. 


(v) When testing the specimen with a structural core 
other than steel, thermocouples should be fixed to the 
core material in positions corresponding to the 
surface thermocouples mentioned in 6.1.3.1(h)(i) 


above to determine the rise in temperature of the core. 


Duration of testing. 


The test should continue for at least one hour for ‘A’ class 
divisions and doors and one half hour for *B’ or ‘F’ class 
divisions and doors except that in the case of an ‘A’ class 
division having a steel structural core and where the test 
is to ascertain the suitability of the specimen to satisfy *A- 
15° or ‘A-30’ minutes whichever is applicable because the 
steel intact structural core is considered to meet the 
requirements for ‘A’ class divisions with regard to prevent- 
ing the passage of smoke and flame (see 6.1.1.). However 
the tests for ‘A’ class divisions having structural cores other 
than steel and ‘A’ class doors are not to be similarly termi- 
nated. 


The maximum deflection of an ‘A’, ‘B’ or ‘F’ class test spec- 
imen and additionally in the case of a door, the maximum 
displacement of each corner of the door relative to the 
doorframe should be recorded during the test. 


6.1.3.2 Non-combustible test 


(a) 


(b) 


General. 


The following materials should be required to be classed 
as non-combustible. 

(i) Insulating materials used in the construction of *A’ 
class divisions and ‘B’ class decks referred to in 
6.1.2.1(b), 6.1.2.2(b) and 6.1.2.6(c). 


(ii) Materials from which *B’ class (non-combustible) 
divisions are constructed referred to in 6.1.2.4(a) and 
6:1-2.0:(D); 


(iii) Materials used in the construction of doors used to 
close openings in either ‘A’ class bulkheads or *B’ class 
(non-combustible) bulkheads referred to 6.1.2.3(d) 
and 6.1.2.8.(b). 


Method of test. 


The test used to classify as non-combustible a material 
mentioned in 6,.1.3.2(a) should be carried out at a testing 
establishment recognised by LR and independent of the 
manufacturer of the material in accordance with resolution 
A.472(XII1). (Improved Recommendation on Test Method 
for Qualifying Marine Construction Materials as Non- 
combustible.) 


6.1.3.3 Tests to be carried out on the insulating material by 
the testing laboratory 


(a) 


(b) 


The tests referred to in 6.1.3.3(b), 6.1.3.3(c) and 6.1.3.3(d) 
should be carried out on the insulating material of the test 
specimens or, where applicable, the reference specimens 
after they have been conditioned as specified in 6.1.3.1(a). 


Thickness of the insulating material. 
(i) The thickness of a sprayed insulating material should 
be measured after conditioning using a suitable probe 
at positions adjacent to the five thermocouples 
referred to in 6.1.3.1.(h)(i) and at the midpoints 
between the four thermocouples. 

(ii) The thickness of panel and mineral wool insulating 
materials should be measured by using a suitable 
gauge or calipers. 


Density of the insulating material. 
(i) The density of a sprayed insulating material should 
be determined from the weight and dimensions of the 
reference specimen. 

(ii) The density of panel and mineral wool insulating 
materials should be determined from the weight and 
dimensions of the panels and slabs or rolls which are 


to be used in the test specimens. 


Moisture and/or binder content of the insulating material. 
(i) Moisture Content. 

At least five samples of the insulating material 
selected at random, each sample measuring 60 x 
60mm x thickness of the material, should be weighed 
(initial conditioned weight W1) and then heated in a 
ventilated oven at a temperature of 105 + 2°C for 24 
hours and reweighed (W2) when cooled. However 
gypsum based, cementations and similar materials 
should not be oven dried but should be placed in a 
dessicator charged with a suitable dessicant at a 


temperature of 55 + 5°C and dried to constant weight 
(W2). The moisture content (W1-W2) of each sample 
should be calculated as a percentage of the dry weight 
(W2). 


The percentage moisture contents of the samples 
should be recorded by the testing laboratory. 


(ii) Binder Content. 

After the percentage moisture contents have been 
calculated as specified in 6.1.3.3(d)(i) above, the 
samples should be further heated in an oven at a 
temperature of 600 + 10°C for 24 hours and again 
weighed (W3) The binder content (W2-W3) should 
be calculated as a percentage of the dry weight (W2). 


The percentage binder contents of the samples should 
be recorded by the testing laboratory. 


6.1.4 Test requirements 


6.1.4.1 ‘A’ Class divisions and ‘A’ class doors 
(a) Thermal insulation. 


The insulating value of the specimen should be such that 
the average temperature reading of the thermocouples on 
the unexposed surface described in 6.1.3.1(h)(iii) will not 
rise more than 139°C above the initial temperature, nor 
will the temperature at one point on the surface, including 
any joint, rise more than 180°C above the initial tempera- 
ture, during the time specified by LR. If ‘A’ class divisions 
or doors are to be *A-60’, *A-30", *A-15’ or *A-0’ standards, 
the above temperature rise limits should not be exceeded 
during the time listed below: 


— ‘A-60’ standard — 60 minutes 
— ‘A-30’ standard — 30 minutes 
— ‘A-15’ standard — 15 minutes 
— ‘A-0’ standard —0 minutes 


(b) 


Penetration of smoke and/or hot gases. 


Cracks and openings which may be formed in ‘A’ class divi- 
sions with the structural core other than steel and ‘A’ class 
doors should not be such as to lead to flaming of a cotton 
wool test pad as described in 6.1.3.1(g) held at a distance 
of approximately 25mm from the aperture for a period of 
30 seconds. If no flaming occurs the pad should be removed 
and pads applied at intervals not exceeding 5 minutes. 
Each pad should be applied only once. 

(c) 


Average temperature of structural core. 


In the case of load-bearing divisions of aluminium alloy, 
the average temperature of the structural core obtained 
by the thermocouples described in 6.1.3.1(h)(v) should not 
rise more than 200°C above its initial temperature at any 
time during the test for one hour. Where the structural core 
is of a material other than steel or aluminium alloy LR 
should decide the rise in temperature which is not to be 
exceeded during the test for one hour. 


6.1.4.2 *B’ or ‘F’ class divisions and ‘B’ or ‘F’ class doors 


(a) Thermal insulation. 


The insulation value of the specimen should be such that 
the average temperature reading of the thermocouples on 
the unexposed surface described in 6.1.3.1(h)(iii) will not 
rise more than 139°C above the initial temperature, nor 
will the temperature at any one point on the surface, 


including any joint, rise more than 225°C above the initial 
temperature during the period specified by LR. For 
combustible *B’ class bulkheads with a non-combustible 
core which are referred to in the International Convention 
for the Safety of Life at Sea, 1974, Chapter H-2, Part D, 
Regulation 51(b) and Part F, Regulation 70(c), the above 
temperature rise limits should not be exceeded for a period 
of 30 minutes and this should also apply to ‘F’ class divi- 
sions. If non-combustible *B’ class divisions are to be ‘B-15” 
or ‘B-0’ standard, the above temperature rise limits should 
not be exceeded during the times listed below: 


— ‘B-15’ Standard — 15 minutes 
— ‘B-0’ Standard — 0 minutes 
(b) 


Penetration of smoke and/or hot gases. 

Cracks and openings which may be formed in ‘B’ or *F’ class 
divisions and doors should not be such as to lead to flaming 
of a cotton wool test pad as described in 6.1.3.1.(g) held at 
a distance of approximately 25mm from the aperture for a 
period of 30 seconds. If no flaming occurs, the pad should 
be removed and pads applied at intervals not exceeding 5 
minutes. Each pad should be applied only once. 


(c) 


Average temperature of structural core. 


In the case of load-bearing divisions of aluminium alloy, 
the average temperature of the structural core obtained 
by thermocouples described in 6.1.3.1(h)(v) should not rise 
more than 200°C above its initial temperature at any time 
during the test for one half hour. Where the structural core 
is of a material other than steel or aluminium alloy, LR 
should decide the rise in temperature which is not to be 
exceeded during the test for one half hour. 


6.1.5 Test Reports 


6.1.5.1 Reports of ‘A’, ‘B’ and ‘F’ class tests should contain 
the following: 


— name of manufacturer; 

— name of representative of LR present at test, when a test is 
not witnessed by a representative of LR a note to this effect 
shall be made in the report; 

— date of test; 

— purpose of test; 

— description and drawing of the test specimen; 

— principal details of components with manufacturer's identi- 
fication mark and trade names; 

— measurements of the thickness, density and, where applica- 
ble, the water and/or binder content of the insulating material 
as determined by the testing laboratory; 

— test conditions; 

— testing procedures; 

— observations during test including temperature curves and 
photographs, if any; 

— summary of the test results including: 


(i) 
(ii) 


the standard obtained; 


either the mean and maximum temperature rises and the 
core temperature rise, when applicable, recorded at the 
end of the test or, if the test is terminated due to the limiting 
temperature rises referred to in 6.1.4.1(a), 6.1.4.1(c), 
6.1.4.2(a) and 6.1.4.2(c) having been exceeded, the times 
at which such limiting temperatures were exceeded; 

(iii) asketch showing the dimensions and positions of any cracks 
in either ‘A’ class insulating materials or the panels of mate- 
rials from which ‘B’ class divisions are constructed, or the 
materials from which ‘F’ class divisions are constructed 


(iv) the maximum deflection of an ‘A’,*B’ or ‘F’ class specimen 
or the maximum deflection at the centre of an ‘A’, ‘B’ or 
‘F’ class door and the maximum displacement of each 
corner of the door relative to the doorframe. 


A report of a non-combustibilty test should state, for each 
specimen of the material which has been tested, the rises in 
temperature recorded by the thermocouples situated in the 
furnace, on the surface of the specimen and in the centre of the 
specimen, the duration in seconds of any flaming and the 
percentage loss of weight of the specimen. 


6.2. Non-combustibility 


IMO Res. A.472(XI1) (Supersedes Res. A.270(VIII)). 
Improved test method for qualifying marine construction 
materials as non-combustible. 


6.2.1 Scope 


The test method specifies a procedure to be used in assessing 
materials as meeting the requirements for non-combustible 
materials. 


6.2.2 Field of application 


The test is intended for marine construction materials. 


6.2.3 Sampling 


The sample should be sufficiently large to be representative of 
the material, particularly in the case of non-homogeneous 
materials. 


6.2.4 Apparatus 


6.2.4.1 Furnace 


The furnace consists principally of a tube of an alumina 
refractory material having a mass density of between 2700 to 
3300 kg/m} and a height of between 149 to 151mm and a wall 
thickness of between 10 to 12mm. The foregoing should be 
closely adhered to as evidence shows that the material used for 
the refractory furnace tube and its fabrication may influence 
the experimental results. The overall wall thickness with 
applied refractory cement to retain the electrical winding 
should not exceed 13mm. The furnace tube is provided with 
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one or more electrical heating coils and is located within an 
insulated surround, completed with a top and bottom plate of 
marine board having a thickness of between 9 to 11mm. To the 
lower end of the furnace is attached a cone-shaped air flow 
stabilizer 500mm long and reducing from a 75mm internal 
diameter at the top to a 9mm internal diameter at the lower 
end. The stabilizer can be made of steel sheet, approximately 
Imm thick, and should be finished smooth on the inside, partic- 
ular attention being given to the smoothness and the tightness 
of the joint with the furnace which should be provided with a 
refractory fibre sheet seal. The upper half height of the stabi- 
lizer should be insulated on the outside with a layer of refractory 
fibrous felt having a nominal thickness of 25mm. At the open 
top of the furnace a draught shield, which may be made of the 
same material as the stabilizer cone, should be provided having 
an internal diameter of 75mm and a height of 50mm. The 
draught shield should be insulated on the outside with a layer 
of the fibrous felt having a nominal thickness of 25mm. Working 
drawings show details of the furnace and copies of these may 
be obtained from the IMO Secretariat, London. 

A general representation of the furnace is shown in 
Figure 13. 
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6.2.4.2 Furnace stand 


The furnace is mounted on a stand with a clearance of approx- 
imately 250mm between the floor and the lower end of the 
stabilizer. This clearance must be protected against disturbance 
by air currents. An adequate protection can be provided by 
using shields around the stand to a height of approximately 
550mm from the floor. 


6.2.4.3 Furnace calibration and control 


A calibrating test with the specimen basket and holder removed 
should be performed on a new furnace or on an existing furnace 
when so required. The energy input to the furnace should be 
adjusted so that the furnace thermocouple (see 6.2.4.5) gives a 
steady reading of between 740°C and 760°C. In stabilized 
conditions the wall temperature at the furnace should be 
measured by an optical micropyrometer at intervals of 10mm 
on three equally spaced vertical axes. The wall temperature 
should not vary by more than 50°C over a mid-height length of 
100mm and this should give an average wall temperature of 
about 850°C. This provides a constant temperature zone for the 
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specimen and can be achieved by having the electrical windings 
spaces as shown on working drawings. Separate windings may 
optionally be provided at each end of the furnace tube, 
controlled independently to obtain the constant temperature 
zone. 

To minimize temperature fluctuations in the furnace it is 
necessary to use a voltage stabilizer in the circuit, able to main- 
tain voltage within +5% of the nominal value. 


Automatic thermostatic control of the furnace is not to be used 
during test. 


6.2.4.4 Temperature measurement 


Temperatures should be measured by means of insulated 
sheathed thermocouples having an outside diameter of between 
1.4to 1.6mm with thermo-electric wires of approximately 0.2mm 
diameter. Before using for test, new thermocouples should be 
aged in the heated furnace atmosphere to slightly oxidize their 
outer sheaths. The temperature should be recorded by an 
instrument having a maximum range that corresponds with the 
temperature changes that occur during the tests. Measurement 
should be made at intervals of not more than 10 seconds. The 
electromotive force temperature conversion process of the 
recording device used should have an accuracy of at least 0.5%, 
and the thermocouples should have a time constant in the range 
of 15 to 25 seconds. (Time constant is expressed as the time to 
reach 63.2% of the final temperature value on heating in the 
furnace (750°C)). 


6.2.4.5 Location of thermocouples 


Three thermocouples should be used, the furnace thermo- 
couple to measure the furnace temperature, the surface 
thermocouple to measure the temperature at the surface of the 
specimen and the specimen thermocouple to measure the 
temperature in the centre of the specimen. The furnace thermo- 
couple should be located with its hot junction between 9.5 and 
10.5mm from the wall of the furnace and at mid-height of the 
constant temperature zone as defined by the wall temperature. 
A method of maintaining the correct distance from the wall is 
by the use of a guide attached to the draught shield. The surface 
thermocouple should, prior to the test, have its hot junction 
next to the surface of the specimen at mid-height and be in 
contact with the specimen. The specimen thermocouple should 
be located with its hot junction in the centre of the specimen 
and should be inserted from the top through a hole of 2mm 
diameter. 


6.2.4.6 Specimen holder and insertion device 


The specimen is placed in a basket made of nickel-chromium 
alloy or heat-resisting steel. At the bottom of the holder, a fine 
metal gauze in heat-resisting steel should be provided. The mass 
of the basket should be between 5.8g to 6.2g. The holder is 
suspended from the lower end of an adjustable tube of heat- 
resisting steel, having an outside diameter of approximately 
6mm anda bore of 4mm. The specimen insertion device consists 
essentially of a metallic sliding rod moving freely in a vertical 
tube fitted to the side of the furnace. The heat-resisting steel 
tube with the specimen holder is fixed by a space bar to the slid- 
ing rod. The design of the insertion device should be such that 
the specimen can be introduced into the furnace rapidly and 
without any shock. The inserted specimen should occupy a 
specified position in the furnace in the middle of the constant 
temperature zone and equidistant from the walls. 


6.2.4.7 Specimen viewing device 


A mirror should be mounted above the furnace for observation 
of any evidence of flaming. It should be mounted in such a way 
that it is possible to view the specimen continuously following 
insertion. 


6.2.5 Test specimens 


6.2.5.1 Preparation of specimens 


The specimens should be as representative as possible of the 
average properties of the sample and should be prepared to the 
size defined in 6.2.5.2. 

If the thickness of the material is less than 50mm, the spec- 
imen must be made of sufficient layers to achieve the thickness 
required in 6.2.5.2. The layers should occupy a horizontal posi- 
tion and should be held together firmly in the specimen holder. 
The density of the specimen should be representative of the 
density of the material. 

Materials or composite materials which involve thin surface 
laminations should be tested without such surface laminates 
unless otherwise specified by LR. 

For composite materials of a thickness such that a number 
of layers cannot be put together to give a specimen of the spec- 
ified size as required in 6.2.5.2., the specimen should be 
prepared to the required thickness by proportionally adjusting 
the thickness of the different components. The top and bottom 
faces of the specimen should be the finished faces of the mate- 
rial. 

If it is not possible to follow this procedure to prepare the 
specimen, tests should be performed on the individual compo- 
nents and reported accordingly. 


6.2.5.2 Number and size 


For test purposes, five cylindrical specimens should be 
prepared as described in 6.2.5.1. The nominal dimensions and 
tolerances for the specimen sizes are as follows: 


— diameter 43mm to 45mm 
— height 47mm to 53mm 
— volume 75cm} to 85cm3 


6.2.5.3 Conditioning 


The specimens should be conditioned in a ventilated oven 
maintained at between 55°C to 65°C for at least 20 hours and 
cooled to ambient temperature in a desiccator prior to the tests. 
The weight of each specimen shall be determined before test. 


6.2.6 Procedure 


6.2.6.1 Apparatus 


Before starting the test, it is necessary to ascertain that the 
whole equipment is in good working order — for example, the 
stabilizer cone is clean, the insertion device is working 
smoothly, the specimen holder occupies the exact position in 
the furnace and the furnace thermocouple is accurately located. 
The equipment should be protected against draughts and 
not be exposed to direct sunlight or artificial illumination. 
The furnace with an empty specimen basket in position 
should be heated and the furnace temperature stabilized at 
between 740°C to 760°C. For a minimum period of 10 minutes 
before the insertion of a specimen and during the test, no 
adjustment should be made in the energy input to the furnace. 


6.2 


Th 
6.2 


.6.2 Insertion of specimens 


e specimen should be placed in the holder described in 
.4.6. Itshould be inserted in the furnace taking not more than 


5 seconds for this operation. 


6.2 
Th 


.6.3 Duration of heating 


e heating period commences with the insertion of the spec- 


imen in the furnace and should be continued for 20 minutes, or 
until peak temperatures have been passed. 


6.2 


.6.4 Test observations 


A record should be made of the temperature readings from the 


thr 


ee thermocouples during the heating period and note taken 


of the occurrence and duration of any sustained flaming. The 


we 


ight of each specimen after test shall be determined. 


Sustained flaming shall be taken as continuous presence of 
flames in the furnace. 


6.2 


.6.5 Number of specimens tested 


The test is carried out on five specimens, prepared as specified 
in 6.2.5.1. and 6.2.5.2. 


6.2 


6.2 


.7 Classification of materials 


-7.1 Non-combustibility 


A material should be deemed non-combustible, if: 


(i) 


(ii) 


(iii 


the average of the five maximum readings of furnace ther- 
mocouples does not show a rise above the initial furnace 
temperature of more than 50°C (as established before 
inserting the specimen (see 6.2.6.1.); 


the average of the five maximum readings of surface ther- 
mocouples does not show a rise above the initial furnace 
temperature of more than 50°C (as established before 
inserting the specimen (see 6.2.6.1.)): 


) the average of all recorded maximum durations of 
sustained flaming does not exceed 10 seconds; 


(iv) the average loss of weight for the specimens after test is not 


more than 50% of the original weight after conditioning. 


6.2.7.2, Combustibility 


If one of the four criteria is not satisfied the material is deemed 
combustible. 


6.2.8 Test report 


The test report should include the following information: 


name of testing body; 

name of manufacturer of the material; 

date of supply of the materials and of tests; 

name or identification mark of the material; 

description of the material; 

density of the material; 

description of the specimens (only for composite material); 
test method; 

test results including all temperature curves and observa 
tions; 

designation of the material according to the test criteria 
specified in section 7. 


ies) 
Nm 


6.3 Surface Spread of Flame 


British Standard BS 476: Part 7: 1987. Method for classification 
of the surface spread of flame of products. (Supersedes BS 476: 
Part 7: 1971). 

In this method, specimens of the product (material, compos- 
ite or assembly) are subjected to a specified heating and ignition 
regime. The test takes account of the combined effect of factors 
such as ignition characteristics and the extent to which the 
surface of the product spreads flame. The influence on these 
factors of any underlying materials, in relation to their ability 
to influence the rate of fire growth is also taken into account. 
The test result is a function of distance of, and rate of, lateral 
spread of flame, and this is classified according to performance 
of Classes 1 to 4. Low flame spread as required by the Solas 
Regulations and the Rules would be Class 1 or 2. 

Whilst this test has been designed to give information on the 
performance of a product in the early stages of a fire, it should 
not be considered or used by itself for describing or appraising 
the fire hazard of a material, composite or assembly under 
actual fire conditions. Neither should it be used as the sole 
source on which a valid assessment of hazard pertaining to 
surface spread of flame can be based. 


6.3.1 Scope 


This part of BS 476 specifies a method of test for measuring the 
lateral spread of flame along the surface of a specimen of a 
product orientated in the vertical position and a classification 
system based on the rate and extent of flame spread. It provides 
data suitable for comparing the performances of essentially flat 
materials, composites or assemblies, which are primarily as the 
exposed surfaces of walls or ceilings. The test results relate only 
to the behaviour of the test specimens of the product under the 
particular conditions of test, they are not intended to be the 
sole criterion for assessing the potential fire hazard of the prod- 
uct in use. 


6.3.2 Definitions 
(See also APPENDIX F) 


(a) Exposed Surface(s). 

The surface(s) of the product subjected to the heating 
conditions of the test. 

Spread of flame. 

The propagation ofa flame front over the surface of a prod- 
uct under the influence of imposed irradiance. 

Flame front. 

The furthest extent of travel of a coherent flame along the 


reference line marked on the test specimen. 


(d) 


Irradiance (at a point on a surface). 

The total thermal radiant flux incident on an infinitesimal 
element of the surface containing the point divided by the 
area of that element. 


(e) Essentially flat surface. 

A surface from which can be obtained specimens that have 
an irregularity from a flat plane which is less than + 3mm. 
(f) Flashing. 

Existence of flame on or over the surface of the specimen 
for periods of less than | second. 


(g) Transitory flaming. 


Existence of flame on or over the surface of the specimen 
for periods between | and 3 seconds. 


(h) Sustained flaming. 


Existence of flame on or over the surface of the specimen 
for periods over 3 seconds. 


(i) Radiant excitance (at a point on a surface). Quotient of 
the radiant flame bearing an element of the surface 
containing the point by the area of that element. 


6.3.3 Suitability of a product for testing 
6.3.3.1 Surface characteristics 


(a) A product having one of the following is suitable for 
evaluation by this method: 


(i) An essentially flat exposed surface; 


(ii) A surface irregularity that is evenly distributed over 
the exposed surface provided that: 


— at least 50% of the surface of a representative 
square area of 280mm x 280mm lies within a 
depth of 6mm from a plane taken across the 
highest points on the exposed surface; 

— any cracks, fissures or holes do not exceed 6.5mm 
in width nor a depth of 10mm and the total area 
of such cracks, fissures or holes at the surface 
does not exceed 30% of a representative square 
area of 280mm x 280mm of the exposed surface. 


(b) Where a product has areas of its surface which are 
distinctly different, but each of these separate areas can 
satisfy the surface characteristics specified in (a) then 
more than one surface spread of flame test shall be 
conducted to evaluate fully the product. 


(c) When an exposed surface does not comply with the 
requirements of either (a)(i) or (a)(ii), it is permissible 
for the product to be tested in a modified form with an 
essentially flat exposed surface, and this shall be stated 
in the report. A prefix D shall be added to the spread of 
flame classification of any product which has been tested 
in a modified form. 


6.3.3.2. Thermally unstable products 


In cases where the test method is inadequate for assessing prod- 
ucts that react in particular ways under exposure to the specified 
heating conditions (see 6.3.8.2.(b)), provision shall be made 
either to apply a suffix to the result (see 6.3.10.2 and 6.3.11(x)), 
or to prohibit an assessment being made because the product 
is unsuitable for testing by this method. 


NOTE 

Products showing these characteristics do not necessarily 
behave poorly in fire situations and should be assessed by other 
test methods. 


6.3.4. Test specimens 
6.3.4.1 Number of specimens 


A minimum of six and a maximum of nine test specimens shall 
be provided which shall be representative of the exposed 
surface of the product. 


6.3.4.2 The exposed surface 


The product shall be tested on that face which will normally be 
exposed in practice, taking account of the following: 


(i) If it is possible for either or both of the faces to be 
exposed in use then, if the faces are different, or if the 
core of those faces is asymmetrical, both faces shall be 
tested. 

(ii) If the face of the product contains a surface irregularity 
that is specifically directional, e.g. corrugations which 
may, in practice, run horizontally or vertically, the 
product shall be tested in both orientations. 


(iii 


— 


If the exposed face contains distinct areas of different 
surface finish or texture, then the appropriate number of 
specimens shall be provided for each distinct area of 
such finish or texture to be evaluated. 


6.3.4.3 Size of specimens 


(a) With the following exception, the specimens shall be 
rectangular and 925 + 5mm long x 280 + 5mm wide. 
However, if specimens are being prepared with a view to 
achieving only a class 1 standard of performance then it 
is permissible for the length of the specimen to be 
reduced to a minimum of 250mm. If transitory flaming is 
exhibited by any short specimen to the end of the 
specimen, then full size specimens shall be tested. 


Where reduced specimen lengths are used, then the 
remaining length shall be a filler piece comprising a 
panel of non-combustible board, the surface of which 
shall be level with the surface of the specimen. The use 
of reduced size specimen shall be reported. 


(b) When the product is of insufficient size to allow the 
specimen size to be achieved in width and/or length, it is 
permissible for the smaller pieces of the product to be 
placed adjacent to each other to obtain the required 
dimension, provided that an essentially flat surface can 
be achieved and it is considered that such a procedure 
does not have any influence on the surface flame spread. 
The use of such specimens shall be reported. 


(c) All specimens shall be tested at full thickness providing 
they will fit into the specimen holder. If the product is of 
such a thickness that it will not fit into the specimen 
holder, its thickness shall be reduced by cutting away the 
unexposed face of the product to reduce the thickness to 
a minimum of 50mm. 


6.3.4.4 Construction of specimens 


(a) When the product is a surface coating it shall be applied 
to the selected substrate using a method and application 
rate recommended by the manufacturer for its use. 


(b) When the product is a material or composite which 
would normally be attached to a substrate, it shall be 
tested in conjunction with the selected substrate using 
the fixing technique recommended by the manufacturer, 
e.g. bonded with the appropriate adhesive or 
mechanically fixed. 


(c) When cutting specimens from products with irregular 
surfaces (see 6.3.3.1(a)(ii)) the highest point of the 
surface shall be arranged to be in contact with the pilot 
flame when the specimen is in its test position. 


6.3.4.5 Conditioning 


(a) Allspecimens shall be conditioned to constant mass; which 
is considered to be attained when two successive weighing 
operations, carried out at an interval of 24 hours, do not 
differ by more than 0.1% of the mass of the specimen, or 
0.1 gramme whichever is greater; at a temperature of 23 
+ 2°C and a relative humidity of 50 + 10% and maintained 
in this condition until required for testing. 


Backing boards and spacers (see 6.3.4.7) shall be 
conditioned for at least 12 hours before use in the condi- 
tions specified in 6.3.4.5(a). 6.3.4.6. Preparation of 
specimens. 


6.3.4.6 Preparation of Specimens 


(a) The exposed face of each specimen shall be marked on its 
surface with a reference line along its length 100 + 3mm 
above its bottom edge. To assist in the observation of flame 
travel, the specimen shall be marked at intervals along its 
length with lines normal to the reference line and at spec- 
ified intervals. 


NOTE 
Special provisions may be required for certain types of material 
which may be affected by the marking. 


(b) Products without air gaps. 


Where a product will normally be used without an air gap 
behind it, then the unexposed face of the specimen shall 
be placed directly on, and in contact with, a backing board 
without any adhesion or mechanical fixing. 


(c) 


Products with air gaps. 


Where a product will normally be used with an air gap 


behind it, then the specimen shall be placed over the spac- 
ers positioned around its perimeter and mounted onto a 
backing board so that a 25 + Imm enclosed air gap is 
provided between the unexposed face of the specimen and 
the backing board. 


6.3.4.7 Backing boards and spacers 


(a) The backing board shall be rectangular, 900mm long and 
280mm wide, and shall be made of non-combustible insu- 
lation board of oven-dry density 825 + 125kg3 and nominal 
thickness 12mm. 

(b) Spacers used to form air gaps within an assembly shall be 

of the same material as the backing boards and shall be 25 

+ Imm thick and approximately 20mm wide. 


It is permissible for backing boards and/or spacers used to 
back the specimens to be re-used after storing in the condi- 
tioned atmosphere for at least 12 hours (see 6.3.4.5(b)), if 
they are not contaminated. If there is any doubt about the 
condition of a backing board or spacer it shall be discarded. 


6.3.5 Apparatus 
6.3.5.1 General 


The apparatus shall consist essentially of a radiation panel 
mounted vertically in a surround and supported on a frame- 
work. The radiation panel shall be supplied with an air/gas 
mixture. A specimen holder and a pilot flame arrangement are 
mounted to one side of the apparatus. 


NOTE 
All dimensions given in the description of the test apparatus in 
this clause are nominal unless tolerances are specified. 


Plate 8 Surface spread of flame apparatus 


6.3.5.2 Radiation panel and surround 


(a) The radiation panel shall be 900mm square and shall 
consist of porous refractory or tunnel type burner blocks 
designed to give efficient combustion of the air/gas mixture 
with no flaming occurring on the face of the panel under 
operational conditions. 

(b) The radiation panel shall be fitted with a refractory, 
concrete surround, projecting 225mm from the face of the 
panel on its four edges. The surround shall intimately 
contain the panel and any small gaps between the surround 
and the panel shall be tightly packed with a flexible non- 
combustible insulating material. 


(c) The radiation panel and its surround shall be supported 
on a framework so that the centre of the panel is 1250 
+ 100mm above floor level. 


6.3.5.3 Specimen holder 


(a) The specimen holder shall comprise a water-cooled steel 
frame with water-cooled face plates. The face plates shall 
overlap the specimens by 25mm on their top and bottom 
edges and over the vertical edge adjacent to the radiation 
panel. A spring loaded clamp shall be positioned to clamp 
the specimen against the water-cooled face plates. The 
water supply to the specimen holder shall be such that the 
maximum outlet temperature does not exceed 30°C. 

NOTE 

A water flow rate of approximately 12 litre/min has been found 

to be adequate. 


(b) In the test position, the specimen holder assembly shall be 
located at 90 + 2 degrees to the face of the radiation panel 
and in such a way that the face of the specimen is in the 
same plane as the inside face of the surround to the radi- 
ation panel. The height of the specimen holder shall be 
such that the reference line on the specimen (see 6.3.4.6(a)) 
is brought to mid-height of the radiation panel. The spec- 
imen holder shall be hinged to allow it to be swung 
horizontally, away from the face of the radiation panel 
between tests i.e. from the test position to the standby posi- 
tion and vice-versa. 


6.3.5.4 Pilot burner 


The pilot burner shall consist of a steel tube with an orifice of 
3.0mm internal diameter. The burner shall be designed in such 
a way that with the specimen in the test position, the centre of 
the orifice of the burner is: 


(i) 


(ii) 6+ 2mm above its exposed lower edge; 


8 + 2mm in front of the surface of the specimen; 


(ili) 15 + Smm from the inside vertical edge of the specimen 
holder at the corner closest to the radiation panel. 


6.3.5.5 Gas and air supplies 
(a) The gassupply to the radiation panel shall be either natural 


gas or propane. 


The air supply shall be taken from outside the test envi- 
ronment. The gas and air supplies shall be sufficient to 
allow the required irradiance (see 6.3.7) to be achieved. 


(b) The gas and air supply lines to the radiation panel shall 


contain suitable flowmeters, pressure regulators, control 
valves and safety devices. 


The gas supply to the pilot burner shall be simulated town 
gas and shall give a luminous flame with a contact height 
on the specimen of between 75mm and 100mm. 


6.3.5.6 Test environment 


The apparatus shall be located in an enclosed environment 
essentially free from draughts. The dimensions of the enclosure 
shall provide the following minimum clearances from the panel: 


(i) 
(i1) 


(iii) 4m floor to ceiling; 


5m in front; 


1m behind; 


(iv) 2.5m on either side (measured from the panel centre). 


Effluent gases from the radiation panel and specimen shall be 
capable of being extracted without causing forced ventilation 
over the apparatus during the course of the test. 


NOTE 

In order to minimise the spread of toxic products, and protect 
the operator as far as possible, the space above the panel may 
be partitioned off from the rest of the environment by a hood. 
This should be designed in such a way that its lower edge is at 
least 2.4m above the floor and all parts of the front of the hood 
are at least 1.5m from the vertical plane containing the panel 
face and at least 1.8m from the upper edge of the panel. It is also 
permissible to employ a radiation screen alongside the radiation 
panel to protect the observer. This may take the form of either 
a moveable screen or a permanent structure and should not be 
within a distance of 1.3m from the centre of the radiation panel, 
nor extend further than 1.4m in front of the radiation panel. 


6.3.6 Ancillary equipment 
6.3.6.1 Radiometer (heat fluxmeter) 


The radiometer shall be capable of measuring irradiance within 
the range of 10 Kw/m2 to 50 Kw/m2. The target receiving radi- 
ation, and possibly to a small extent convection, shall be flat, 
circular, not more than 10mm in diameter and coated with a 
durable matt black finish. The target shall be contained within 
a water-cooled body, the front face of which shall be of highly 
polished metal, flat, coinciding with the plane of the target and 
circular, with a diameter of about 25mm. 

Radiation shall not pass through any window before reach- 
ing the target. The instrument shall be robust, simple to set up 
and use, insensitive to draughts and stable in calibration. The 
instrument shall have an accuracy of within 3% and a repeata- 
bility within 0.5% and shall be calibrated at an appropriate 
periodic frequency. 


6.3.6.2 Millivolt measuring device 


The millivolt measuring device shall be compatible with the 
output from the radiometer specified in 6.3.6.1. It shall have a 
full-scale deflection, sensitivity and accuracy which enables the 
irradiance measured by the radiometer to be resolved to 0.05 
Kw/m2. 


6.3.6.3 Timing device (timer) 


The timing device shall be capable of recording elapsed time 
to the nearest second, and shall be accurate to within 1 second 
in | hour. 


6.3.6.4 Calibration board 


(a) The calibration board, 925mm long x 280mm wide, shall 
be constructed from 25mm non-combustible insulation 
board of density 800 + 100 kg/m. It shall be capable of 
accommodating, at six positions along its length, a 
radiometer as specified in 6.3.6.1. The target of the 
radiometer shall be centred at the height specified for the 
reference line of the specimens (see 6.3.4.6(a)) and at the 
distances along the calibration board from the inside edge 
of the specimen holder specified in Table i. The plane of 
the target shall coincide with the exposed face of the cali- 
bration board. 

(b) If only one radiometer is used during calibration then the 
holes, cut in the board to accommodate the radiometer 
face (i.e. target with water or air jacket surround), shall be 
provided with infill discs of the board material. The irra- 
diances at each point shall then be measured consecutively 
with the one instrument. 


6.3.7 Calibration 
6.3.7.1 General 


(a) The apparatus shall be calibrated in accordance with the 
requirements given in Table i. The specified values of irra- 
diance shall be achieved to within a tolerance of + 0.5 
Kw/m2. 

(b) When setting up the radiation panel for the first time, or 

when any modifications have been made, carry out the 

initial calibration procedure (see 6.3.7.2.), otherwise moni- 
tor the calibration daily using the regular calibration 
procedure (see 6.3.7.3.). 


6.3.7.2 Initial calibration of the radiation panel 


(a) Adjust the gas and air supplies to the individual burner 
elements so that there is a relatively uniform radiant exci- 
tance over the face of the panel. 

(b) Make adjustments to the gas/air supply to the apparatus 
and/or minor adjustments (+ 2 degrees) to the 90 degree 
angle formed between the specimen holder and the radi- 
ation panel surface to enable the irradiances specified in 
6.3.7.1(a) to be achieved. 
(c) The calibration board shall be at thermal equilibrium 
before the irradiances are determined. This shall be 
achieved by inserting the calibration board in the specimen 
holder, itself in the test position, during the heating up 
period. Irradiance at a specific distance (e.g. 825mm) from 
the radiation panel shall be recorded, a constant value 
denoting thermal equilibrium. 


6.3.7.3 Regular calibration procedure 


(a) Monitor the calibration of the radiation panel during the 
heating up period by inserting the calibration board in the 
specimen holder and monitoring until steady state condi- 
tions are recorded on the output of the radiometer at the 
75mm and 825mm distances from the hot end. i.e. until the 
mean value of irradiance recorded from the output of 
radiometer(s) on the board varies by less than 0.5 Kw/m2. 

(b) If the irradiances specified in Table i are not achieved, 

repeat the procedure in 6.3.7.2. 
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6.3.7.4 Use of one radiometer (see 6.3.6.4(b)) 


If one radiometer is to be used during initial calibration, accord- 
ing to 6.3.6.4(b), then the irradiance at each point specified in 
Table i shall be measured consecutively over a period not 
exceeding 10 minutes. 


Table i: Irradiance along horizontal reference line on the 
calibration board 


Distance along reference line 


from inside edge of specimen 75| 225] 375) 525] 675 | 825 


holder (mm) 


Irradiance at points specified 
above (in Kw/m2) 


6.3.8 Test procedure 

6.3.8.1 Procedure 

Carry out the following procedure: 
(i) 
(ii) 


Ignite the pilot flame. 


Remove a specimen construction (including any backing 
boards, spacers and filler pieces) from conditioning atmo- 
sphere, and within 5 minutes insert it into the specimen 
holder in its standby position at 90 degrees or more from 
the test position. 


(iii) Within 5 seconds swing the specimen holder and specimen 
into the test position, and immediately start the timing 
mechanism. (i.e. the start of the test). 


(iv) Extinguish the pilot flame 1 minute after the start of the 
test. 


(v) Terminate the test when the flame front reaches the 
825mm reference line, or after 10 minutes has elapsed, 
whichever is the shorter. 


(vi) Swing the specimen holder into its standby position and 
remove the remains of the specimen construction. Clean 
any debris from the holder. 


(vii) Repeat the procedures given in (i) to (vi) for each of the 
remaining specimen constructions. 


6.3.8.2. Observations during test 


(a) Record the time at which the front of sustained flaming, 
spreading along the horizontal reference line, crosses each 
vertical reference line (see 6.3.4.6(a)). Also record the 
extent of flame spread along the horizontal reference line 
after 1.5 minutes and 10 minutes. 


(b) Throughout the test, carefully observe the behaviour of 
the product and make a special note of the following 
phenomena: 

(i) flashing; 

(ii) transitory flaming. 
Make other observations of phenomena such as 
debris falling away from the specimen and whether it 
is flaming or not; intumescence and/or deformation 
of the specimen. 

(c) During the first minute of the test any softening, melting 


or disintegration of material resulting in the specimen 
slumping out of the specimen holder, the detachment of 
the facing from the substrate or any other behaviour which 


results in the exposed surface not being available for the 
measurement of flame spread, shall render the test on that 
specimen invalid. 


However, should ignition of the exposed face occur during 
the application of the pilot flame, with a resultant flame 
front ahead of any such behaviour for the remaining period 
of application of the pilot flame or if a flame spread in 
excess of 265mm is recorded during the first 1.5 minutes 
of the test, then the test on that specimen shall be deemed 
valid. If one or more invalid test results are obtained, it is 
permissible for up to a maximum of nine specimens to be 
tested in order to obtain the required six valid test results. 
If more than six specimens are necessary to provide a clas- 
sification for the product (see 6.3.10.2.) a suffix R shall be 
added to the classification, and the reason for the suffix 
shall be clearly explained in the test report. 


In cases where softening and/or other behaviour, which 
may affect the flame spread performance of any of the 
specimens, occurs after extinction of the pilot flame, a 
suffix Y shall be added to the classification, and the reason 
for the suffix shall be clearly explained in the test report. 


6.3.9 Recording of results 
6.3.9.1 


For each of the specimens tested in accordance with 6.3.8.1, the 
following shall be recorded: 

(i) the time at which the flame front crosses each vertical 
reference line; 


(ii) the maximum extent of flame spread during the first 1.5 
minutes from the start of the test; 


(iii) the maximum extent of flame spread during the whole test, 
i.e. 10 minutes or less (see 6.3.8.1.); 


(iv) the time (and distance) at which maximum flame spread 
is reached. 


6.3.9.2 


If the results reported in accordance with 6.3.9.1. include invalid 
tests, the reason for the testing being invalid shall be reported 
(see 6.3.8.2(c)) and such results shall be clearly indicated. 


6.3.10 Classification of results 
6.3.10.1 


The results recorded in 6.3.9.1. shall be used to obtain a classi- 
fication for the product according to the criteria specified in 
Table ii. At least 5 of the 6 test specimens for which valid test 
results have been obtained shall have a flame spread which does 
not exceed the 1.5 minute limit and the final limit specified for 
the designated class. 


NOTE 


The remaining specimen may exceed this limit, but not more 
than the assigned tolerances. 


6.3.10.2 


A suffix R shall be added to the classification if more than six 
specimens are required in order to obtain six valid test results 
(see 6.3.8.2(b)) (e.g. class 2R). 
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6.3.10.3 


If four or more invalid test results are achieved from one 
sample, then the product shall be classified as ‘not suitable for 
assessment by this test method’. 


6.3.10.4 


A prefix D shall be added to the classification of any product 
which does not comply with the surface characteristics given in 
6.3.3.1(a) and has therefore been tested in a modified form (see 
6.3.3.1(c)) (e.g. class D3). 


6.3.10.5 


A suffix Y shall be added to the classification if any softening 
and/or other behaviour that may affect the flame spread occurs 
(see 6.3.8.2(c)) (e.g. class 3Y). 


NOTE 

For example a material could have a classification of D3RY 
indicating (a) a modified surface has been used, (b) a class 3 
result has been obtained (c) additional specimens have been 
used to obtain 6 valid results and (d) softening and/or other 
behaviour has occurred which is considered to have affected 
the test result. 


Table ii: Classification of spread of flame 


Spread of flame 
at 71.5min 


Final spread 
of flame 


Limit for one 
specimen in 
sample (mm) 


Limit 
(mm) 


Limit for one 
specimen in 
sample (mm) 


assification 


165+25 
215+25 
265+25 


165+25 
455+45 
710+75 


455 
710 


exceeding the limits for Class 3 


6.3.11 Report 


The test report shall include the following: 


(i) 


the name and address of the testing laboratory; 
(ii) the name and address of the sponsor; 


(iii) the name and address of the manufacturer/supplier, if 
known; 


(iv) the date of test: 


(v) afulldescription of the product (and face) tested, including 
trade name and/or reference number if available, its 
construction, nominal thickness, colour and, where appro- 
priate, density; 


NOTE 
It may be helpful to provide a sketch of the product. 
(vi) the individual test results in accordance with 6.3.9.; 


(vii) observations made during the test and comments on any 
difficulties encountered during the test (see 6.3.8.2(b) and 
6.3.8.2(c)); 


(viii) details of the form in which the specimens were tested 


(ix) 


(x) 


(xi) 


(material, composite or assembly), together with details of 
any modification to the product (6.3.3.1(c)), the specimen 
thickness and, where appropriate, air gap; orientation; 
substrate; the face or faces subjected to the test; use of 
short specimens (6.3.4.3(a)) and the use of short pieces to 
make up a specimen (6.3.4.3(b)); 


the derived classification according to 6.3.10, including any 
prefix and/or suffix as appropriate; 


if necessary, the statement that the prefix D or suffix *R’ 
or ‘Y’ to the classification, indicates that the results should 
be treated with caution, together with the reasons why this 
prefix or suffix has been applied: 


the statement: ‘The test results relate only to the behaviour 
of the test specimens of the product under the particular 
conditions of test; they are not intended to be the sole crite- 
rion for assessing the potential fire hazard of the product 
in use’. 


6.4 Primary Deck Coverings 


Assessment of the fire properties of primary deck coverings 
should be made in accordance with IMO Resolution A214( VII) 
‘Improved Provisional Guidelines on Test Procedures for 
Primary Deck Coverings’, which supersedes Res. A.165 
(ES.IV). 


(a) 


(b) 


(c) 


(d) 


(e) 


The present specification is intended to provide informa- 
tion to Administrations, laboratories and other interested 
bodies concerning the assessment of requisite properties 
of primary deck coverings. The work of the I.M.O. in this 
field has not yet been finalised and there are certain diffi- 
culties in the interpretation of relevant provisions of the 
SOLAS Convention. These guidelines provide improved 
test procedures for deck coverings and supersede those 
previously formulated in resolution A.165(ES IV), but are 
still of provisional character. 


The fire resistance aspects of deck coverings or primary 
deck coverings are referred to in the 1981/1983 amend- 
ments to Chapter II-2 of the International Convention for 
the Safety of Life at Sea, 1974, namely: 


— in cargo ships (regulation II-2/49.3); 
— in passenger ships (regulation II-2/34.8). 


The test method described is intended to provide guide- 
lines for qualifying deck coverings as acceptable with 
respect to the above referenced requirements. The method 
described is only applicable to situations in which a fire 
occurs in the compartment below deck. 


When doubts exist relative to the fire hazard characteris- 
tics of the upper exposed surface of permanently attached 
deck coverings, Administrations are encouraged to apply 
such flammability and other test methods considered 
necessary for their evaluation. 


Application. 


The following considerations should be recognised in 
application of the described test: 


(i) The test is only required where the thickness of the 
material applied directly to the steelplate is equal to 
or exceeds Smm. Thin paint films and bonding agents 
are exempted from consideration as the material is 
directly applied to the steel plate. 
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(f) 


(h) 


(i) 


G) 


(k) 


(ii) In general only the first layer should be tested. 
However, in case LR considers that some substantial 
difference of fire performance may result from the 
application of successive layers, then LR may 
consider it desirable to perform qualification tests on 
the complete assembly. 


(iii) The test is required where the fire insulation to be 
installed is no more than the minimum specified in 
Chapter II-2 of the 1981/1983 SOLAS amendments. 
If additional insulation is provided, LR may consider 
the possibility of acceptance of deck coverings on the 
basis of a complete fire resistance test, in which case 
a separate test for deck coverings need not be super- 
imposed. In any case, the test considered here should 
be conducted without the use of insulation below the 
steel plate specimen. 


The test equipment and procedures described below are 
intended for determining whether or not deck coverings 
‘readily ignite’, release excessive smoke and/or exude 
gases which are toxic or combustible. The methods 
described are not intended for evaluating the effectiveness 
of the deck coverings as a portion of the required insulation 
of an‘A’ or ‘B’ class division. For this purpose the fire resis- 
tance test is required. 


It is felt that the attention of LR should be specially drawn 
to the nature of the test which simulates a deck with no 
protection underneath. It is important that LR should 
determine the validity of this procedure before applying it 
to other situations. When determining the ignitability of 
deck coverings from a fire source from above a different 
technique will be required: a simple ignitability or flame 
spread test would be suitable for this purpose. 


Description of specimen. 


The primary deck covering as intended to be tested should 
be applied to a mild steel plate of a nominal thickness of 
5mm. The overall size of the steel plate should be such that 
it exceeds the opening of the furnace by 25mm + 5mm on 
all sides. Three specimens should be prepared for.test on 
each type of deck covering. 


Conditioning of specimen. 


The test specimens should be conditioned to equilibrium | 
with an atmosphere of relative humidity between 40-70% 
at a temperature of 20 + 5°C. 


Description of furnace. 


The tests should be performed on a furnace with a rectan- 
gular horizontal opening with sides measuring 60mm + 
10mm internally. The internal depth of the furnace should 
be such as to prevent the direct impingement of flames if 
any to the underside of the specimens, the depth should 
not be less than 100mm in any case. 


Measurement of furnace temperature. 


The temperature condition within the furnace during a test 
should be determined by means of at least three rapid 
response thermocouples positioned, within the opening 
along one diagonal, one at the centre and the other two at 
quarter points. The furnace should be calibrated to ensure 
as uniform heating as possible. The hot junctions of the 
thermocouples should be approximately 50mm from the 
underside of the deck specimen. 


1 x 250 x 460 x 460 mm open bottom chamber - corrosion resistant 


riveted steel 


Reflective aluminium 
heat shields (2) 


80 x 130 x 250 mm steel 


boxes (2) forsource and detector 


5x 45x 45x 910 mm 
aluminium support angle 


45 mm O.D. x 110 mm 
steel spacing tubes (4) 


12 mm hemmed edge at bottom 


of chamber sides 


3 x 25 x 25 x 300 mm steel angles (4) 
form 50 mm legs and brace chamber corners 


Figure 14 Assembled smoke measuring device 


Furnace control. 


The furnace temperature should be continuously control- 
led so as to follow the standard time/temperature curve 
starting at room temperature. The accuracy of the furnace 
control should be such that the area under the curve of the 
mean furnace temperature should not vary by more than 
+10% of the area under the standard curve. 


(m) Test flame. 


(n) 


A test flame, 15-20mm in length, should be used to measure 
the ignitability of the deck covering. The flame should be 
of the luminous type produced by the combustion of a 
hydrocarbon gas. Other suitable means may be employed 
for the ignition of the gases emitted by the deck covering. 


Smoke collection canopy. 


An open bottom chamber or canopy for collection of 
smoke and gases above the specimen should be 
constructed of steel and be of chamber size 250 x 460 x 
460mm. Holes of 50mm diameter should be cut in the 
chamber top in three rows of three holes with a common 
spacing of 115mm, also one hole of 45mm diameter should 
be cut in each end of the chamber 175mm from the top and 
172.5mm from one side. The number and size of the holes 
as well as the dimensions of the chamber should be closely 
complied with. This canopy may be finished with any heat 
and corrosion resistant finish (see Figures 14 and 15). 
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(o) 


(q) 


Measurement of light obscuration. 


A photometer for measurement of light transmission 
through the gases collected by the canopy should be 
located at one end of the canopy at the opposite end to the 
light source, as in Figure 14, and each being a steel box 
approximately 80 x 130 x 250mm (see also Figure 16). It is 
highly recommended that the baffle with an aperture of 
not larger than 5mm diameter be used as shown. This 
device serves to greatly reduce the effects of extraneous 
light causing errors in transmission. Both the light source 
and detector enclosures should be constructed in such a 
manner that smoke cannot accumulate within them. 


One suitable type of light detector used can be of the 
vacuum photo emissive type with a spectral response 
roughly corresponding to that of the human eye (an RCA 
1P 39 tube has been found suitable). The resistive load of 
this detector may be either a circuit component or a part 
of the measuring instrument but should remain constant 
for all ranges of instrument sensitivity. 


The measuring instrument should preferably be of the 
recording type with provision for rapid easy change of 
measuring voltage sensitivity over three decades. A 
recording vacuum tube voltmeter with full scale sensitivity 
variable in three steps from 0.1 to 10 volts would be 
adequate for this purpose. 


(r) 


(s) 


(t) 


(u) 


50 mm dia. 
holes (9) 


45 mm dia. holes (2) 
in oposite sides 
of chamber 


Layout for Holes in Chamber Sides 


Figure 15 
Layout of holes 


The lamp used should be operated at approximately its 
design voltage although small changes in supply voltage 
may be made to permit adjustment of full scale indication 
of the measuring instrument in the absence of smoke. 
Initial coarse adjustment of output of the photometer 
circuit may be accomplished either by changes of battery 
voltage or resistance of the photo detector load circuit. 


The smoke measurements are reported in terms of optical 
density. This property is defined as log 10 x (100/T) where 
T is the percentage fraction of the incident light that is 
received by the photo detector. The optical density may 
be obtained directly by plotting the transmission and inter- 
polating linearly between the optical density. 


Test procedure. 


The specimen should be placed close to the furnace open- 
ing with the deck covering uppermost. Precautions should 
be taken to prevent escape of gases around the edges of 
the specimen. 


In arranging the canopy and photometer on the upper 
surface of the specimen the photometer should be placed 


40) 


130 mm 


Aluminium ring 
lens protector 


Screws (3) 

spaced 120° through retaining ring, 
gasket and box threaded into lens 

re lens 


Rubber gasket 


50 mm dia. 
7 diopter lens 


Baffle with 5 mm hole 


Battery 


1,5 mm aluminium lens retaining ring 
also forms 25 mm dia. mask 


Detector construction 


(w) 


box to be dust tight and painted black inside 


Motor base connector 
for power input 


Lens mount same as detector 


Light Source Construction 
box to be dust tight 


Figure 16 
Detector and light source construction 


to be across the width or length of the specimen whichever 
most nearly corresponds to a dimension of 550mm. 


Since draughts blowing across the surface of the specimen 
during a test would seriously influence smoke measure- 
ments, precautions should be taken to ensure that such 
conditions do not occur during a test. 


Test of ignitability. 


Two specimens should be tested without using the smoke 
collection canopy and each test should be of 15 minutes 
duration. The test flame specified in paragraph (m) should 
be applied to the top of the deck covering before the 
commencement of heating and then at one minute inter- 
vals from the first evidence of the evolution of gases from 
the specimen surface. During each application, the test 
flame or the other device for the same purpose should be 
moved over the whole surface of the specimen. 


Test for smoke production. 


One specimen should be tested and the test should be of 
a 30 minute duration. The smoke collection canopy shown 
in Figure 16 should be placed in position on top of the spec- 
imen. The sensitivity range of the measuring instruments 
should be changed during the test to maintain the meter 
deflection at a value greater than 10% of the full scale. 


Test for toxic products. 


Spot checks should be made during the tests in paragraph 
(w) to determine the nature of the toxic products given off. 


(z) 


During the course of the test in paragraph (x) samples of 
gases should be taken at intervals from the central top 
opening of the canopy. These may be analysed directly by 
colorimetric gas indicators or by other suitable gas analysis 
methods. 


Observations during test. 


The following observations and records should be made 

during the tests as appropriate: 

(1) Time of occurrence of any flaming and its character- 

istics such as location, duration, height etc. 

(ii) Arecord of the variation of light transmission through 
the canopy during the test. The data should be plotted 
as optical density on a graph. 

(iii) A record should be kept of the concentration of toxic 
products measured during the test. 


(aa) Assessment of performance. 


The performance of the specimens should be indicated 
under the following headings: 

(i) Ignitability; 

The deck covering should be classified as ‘not readily 
ignitable’ if with neither specimen is there any contin- 
uous flaming during the 15 minutes test. Any flaming 
continuing for 10 seconds or more after the local appli- 
cation of the test flame should be considered as 
continuous flaming. 

(ii) Smoke; 

Time of occurrence and duration for which the optical 
density exceeds values of 1.0 and 2.0 should be given. 
(ili) Toxic gases; 


Type of gases and their concentration should be plot- 
ted as a function of time. 


6.5 Load Bearing and Non-Load Bearing Divisions 


6.5.1 BS 476: Part 8: 1972 Test methods and criteria for the 
fire resistance of elements of building construction 


NOTE 

This part of BS 476 has been withdrawn and replaced by a series 
of new parts (20 to 24 inclusive). Part 8 is included since it is 
referred to in existing certificates issued by LR and existing test 
reports submitted to LR for appraisal. 


(a) 


(b) 


Objective. 


This part is concerned with the fire resistance of elements 
of building construction. Specimens, full size where prac- 
ticable, are subjected to a heating procedure from a 
purpose- built furnace under rigourously prescribed condi- 
tions. 


The behaviour of the specimens is observed. Test results 
are reported in terms of the time to retain ‘stability’, 
‘integrity’ and ‘insulation’, as appropriate. 


Test observations. 


(i) Stability. 

The observation on stability relate to the time to 
deformation of the specimen, occurrence of collapse 
or any other factor which could affect its stability. 


Stability has been deleted from the revised Standard. 
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(ii) Integrity. 


In elements which have a separating function, the 
integrity relates to the time to the formation of cracks 
or other openings which could cause spread of fire. 


Insulation. 


— 


(iii 
In elements which have a separating function, the 
insulating capabilities are assessed by observing the 
time taken for a specified rise in temperature to occur 
on the surface of the specimen not directly exposed 
to the furnace heat. 


(iv) Additional information. 


~— 


Throughout the test, observations are made of all 
changes and occurrences which, although not criteria 
of performance, could create hazards in a building; 
for example, the emission of appreciable volumes of 
smoke or noxious vapours from the unexposed face 
of a separating element. 


Expression of test results. 


The test results are stated in terms of times in minutes from 
the start of the test until failure has occurred under one or 
all of the three criteria (stability, integrity and insulation), 
or if no failure has occurred, until the test is terminated. 
for example, a test result as follows: 


Stability 120 
Integrity 120 
Insulation 15 
would mean that a specimen failed in respect of insulation 


after 15 minutes but complied with the other requirements 
for at least 120 minutes. 


Application of criteria to specific elements. 


The items covered by this part are listed below, together 
with the criteria required for the assessment of their fire 
resistance. 


(i) Bulkheads and Decks Stability 
(loadbearing and Integrity 
non-loadbearing): Insulation 

(ii) Columns: Stability 

(iii) Beams: Stability 

(iv) Suspended ceilings: Certain 

special 
criteria 

(v) Doors and shutter Stability 
assemblies: Integrity 

Insulation 

(vi) Glazing: Stability 

Integrity 
Insulation 
Comments. 
(1) The test is large-scale. 


(ii) The time/temperature curve for the test is based on 
the standard fire curve where hydrocarbon fires are 
more typical of the exposure hazard, an alternative 
curve is appropriate. 


6.5.2 BS 476: Part 20: 1987. Method for determination of the 
fire resistance elements of construction (general principles) 


(a) 


(b) 


(c) 


Objective. 


The objective of determining fire resistance, as described 
in this Part and the associated Parts of BS 476, is to assess 
the behaviour of a specimen of an element of building 
construction when subjected to defined heating and pres- 
sure conditions. The method provides a means of 
quantifying the ability of an element to withstand exposure 
to high temperatures, by setting criteria by which the load- 
bearing capacity, the fire containment (integrity) and the 
thermal transmittance (insulation) functions can be 
adjudged. 


Test specimens. 


The test specimen and any associated construction forming 
a test construction are identical to, or representative of, the 
element of construction that is to be evaluated. For non- 
separating elements, separating elements that are only 
required to resist fire from one side in use, and for vertical 
symmetrical separating elements, only one specimen is 
tested. For vertical asymmetrical separating elements that 
are required to resist fire from either side, the element is 
tested from each side using a separate specimen or where 
there is no doubt as to which is the ‘weaker’ side of the divi- 
sion the element may be tested from that side. 


Wherever possible, test specimens are full-sized elements 
of building construction and unless it is impossible, the 
individual components making up a test specimen are also 
full-sized. Where the above is not possible the minimum 
size of the elements shall be: 


non-separating elements: 
vertical 3m high 
horizontal 4m span 


separating elements: 
vertical 3m high by 3m wide 
horizontal 4m span by 3m wide 


For non-loadbearing elements, the test construction is 
mounted as in practice. For loadbearing elements, the test 
loading is selected to represent the condition applicable to 
the element in practice. 


Apparatus. 
This consists essentially of: 


(i) a furnace, of a design appropriate to the type of spec- 
imen being tested to allow: 


(1) vertical separating elements to be exposed to the 
heating and pressure conditions on one face; 


(2) horizontal separating elements to be exposed to 
heating and pressure conditions from the under- 
side; 


(3) beams normally to be exposed to the heating and 
pressure conditions on three faces i.e. the soffit 
and two sides, but provision should be made to 
enable beams to be tested with all four faces 
exposed; 

(4) free standing columns to be exposed to the heat- 
ing and pressure conditions equally on all four 
faces. 

The furnace is fuelled by either natural gas or 
liquefied petroleum gases and has thermocouples 


(d) 


(e) 


(f) 


linked to associated temperature measuring 
devices for determining the temperatures at 
specific positions. A pressure sensing probe is also 
sited within the furnace. 


(ii) loading equipment. A test loading is applied to the 
specimen either by dead weights or by a hydraulic or 
mechanical jacking system, or by a combination of 
both. 


(iii) specimen support systems to apply restraint at the 
edges or ends of the specimen. 


(iv) monitoring equipment consisting of fixed specimen 
surface thermocouples, a roving surface thermocou- 
ple, a cotton pad for monitoring permeability, gap 
gauges for monitoring impermeability, deformation 
measuring devices and a radiometer. 


Method. 


A representative sample of the element is exposed to a 
specified regime of heating under positive pressure and 
the performance of the test sample is monitored on the 
basis of criteria described in the standard. Fire resistance 
of the test element is expressed as the time for which the 
appropriate criteria have been satisfied. The times so 
obtained are a measure of the adequacy of the construction 
in a fire but have no direct relationship with the duration 
of a real fire. 


Performance criteria. 


The fire resistance of the test construction is assessed 
against one or more of the criteria for loadbearing capacity, 
integrity and insulation, whichever are relevant to the 
elements used in practice. 


(i) Loadbearing capacity: 
Failure is deemed to have occurred when the speci- 
men fails to support the test loading. 
(ii) Integrity: 
Failure is deemed to occur when collapse or sustained 
flaming on the unexposed face occurs, or the criteria 
given for impermeability are exceeded. 
(iii) Impermeability: 
Failure has occurred when flames and/or hot gases 
cause flaming or glowing of a cotton pad, or a 6mm 
diameter gap is formed with a length greater than 
150mm or a 25mm diameter gap is formed. 
(iv) Insulation: 
Failure has occurred if: 
(a) the mean unexposed face temperature increases 
by more than 140°C above its initial value, or 
(b) the temperature recorded at any position on the 
unexposed face is more than 180°C above the 
initial mean temperature. 
Comments. 
(i) Appendices are included in the standard which 


provide information on specimen preparation, appli- 
cation of the test method and how to evaluate residual 
loadbearing capacity. 

(ii) The standardized time/temperature conditions used 
in this evaluation are representative of only one possi- 
ble fire exposure condition at the fully developed fire 


stage and the method does not quantify the behaviour 
of an element, for a precise period of time, in a real 
fire situation. 


(iii) This Part, together with Parts 21, 22 and 23 constitute 
a complete revision of BS 476: Part 8 which is with- 
drawn, but is still available since it is referred to in 
building regulations and their legislative documents. 


(iv) BS 476: Part 8 was revised to improve reproducibility 
and repeatability of the results obtained by more 
closely defining the operating procedures and the 
equipment used. 


(v) BS 476: Part 20 adopts, where possible, similar 
requirements to those given in international stan- 
dards, i.e. ISO 834, ISO 3008, ISO 3009 and EUR 
8750, in order to promote ‘Harmonization’ of test 


methods. 


(vi) The test is large scale. 


6.5.3 BS 476: Part 21: 1987. Methods for determination of 
the fire resistance of loadbearing elements of construction. 


(a) Objective. 


This part of BS 476 describes procedures for determining 
the fire resistance of loadbearing elements such as beams, 
columns, bulkheads and decks when subjected to the heat- 
ing and pressure conditions specified in BS 476: Part 20. 


Requirements are provided for specimen selection and/or 
its design and construction, loading and restraint condi- 
tions, equipment, test procedures and criteria as they apply 
to loadbearing specimens. The methods are applicable to 
beams, columns, bulkheads and decks. 


(b) Methods. 


The test conditions and apparatus are as specified in BS 
476: Part 20. 
(i) 


Determination of fire resistance of beams. 
(1) Test specimen: 


One specimen is tested either full size for spans 
up to 4m or, if greater, not less than 4m. The beam 
is tested as it is used in practice and will incorpo- 
rate, for example, joints, fire protection material 
etc. The same support at the ends of the beam and 
beam loading as used in practice, will also be 
applied. 


(2) Test procedure: 


The loading procedure specified in BS 476: Part 
20 is carried out and the beam heated according 
to the standard time/temperature curve also in 
Part 20. The specimen is monitored for loadbear- 
ing capacity and observations are made of its 
behaviour. 


(3) Criteria of failure: 
This is determined with respect to the loadbearing 
capacity of the beam. 
(ii) Determination of the fire resistance of columns. 
(1) Test specimens: 


One specimen is tested as used in practice. For 
columns up to 3m, full size specimens are used and 
for those in excess of 3m, the minimum size of 
specimen is 3m. 
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(2) Test procedure: 


The column is tested as used in practice and will 
incorporate any joints, support and loading used. 
The test procedure and failure criteria are the 
same as for beams. 


(iii) Determination of the fire resistance of decks. 
(1) Test specimens: 


One specimen is tested with dimensions of at least 
4m x 3m and which is representative of the deck 
used in practice. Support and loading conditions 
of the test specimen are similar to those used in 
practice. 


(2) Test procedure: 


The test is carried out in accordance with BS 476: 
Part 20. The test construction is monitored for 
loadbearing capacity, integrity and insulation 
together with any observations of structural 
performance, i.e. shrinkage, cracking or distor- 
tion. Itis with respect to the first three criteria that 
failure is assessed. 


(iv) Determination of the fire resistance of bulkheads. 


The fire resistance of bulkheads are required to with- 
stand exposure to fire on one face, can be determined 
with this method. 


(1) Test specimen: 


Bulkheads are normally tested from both sides 
therefore two specimens are required. Each spec- 
imen is at least 3m x 3m or the full size if smaller, 
and is representative of the construction in prac- 
tice i.e. joints, services etc., are included. 


(2) Test procedure: 


The test procedure is in accordance with BS 476: 
Part 20 and the criteria for failure is based on load- 
ing capacity, integrity and insulation. 


(c) Comments. 
(i) The tests are all large scale. 


(ii) This Part of BS 476 can only be used in conjunction 
with BS 476: Part 20. 


6.5.4 BS 476: Part 22: 1987. Methods for determination of 
the fire resistance of non-loadbearing elements of 
construction. 


(a) Objective. 


This Part of BS 476 describes procedures for determining 
the fire resistance of non-loadbearing elements when 
subjected to the heating and pressure conditions speci- 
fied in BS 476: Part 20. This Part is applicable to vertical 
partitions, to fully, partially and uninsulated vertical 
doorsets and shutter assemblies (except fire dampers 
incorporated in ducts, to ceiling membranes, and to 
glazed elements). 


(b) Methods. 


The test conditions and apparatus are as specified in BS 
476: Part 20. 

(i) Determination of fire resistance of partitions and non- 
loadbearing walls providing vertical separation. 


(ii) 


(a) Test specimens: 


Normally two specimens (at least 3m x 3m) are 
tested. The specimen incorporates any mechani- 
cal joints in the element and any services where 
these form an integral part of the element as used 
in practice. 


(b) Test procedure: 


The test is carried out in accordance with BS 476: 
Part 20. The exposed face of the specimen is moni- 
tored for integrity and insulation in accordance 
with Part 20 and failure is determined with respect 
to these two parameters. 


Determination of the fire resistance of doorsets, shut- 
ter assemblies, lift landing doors and other essentially 
vertical separating elements designed to allow the 
ingress of personnel or goods. 


(1) Test specimens: 


Normally two specimens are tested, the specimen 
being full size and mounted within an appropriate 
section of associated construction. 


(2) Test procedure: 


The test is carried out in accordance with BS 476: 
Part 20. Fully and partially insulated structures 
are monitored for integrity and insulation, and 
uninsulated structures for integrity only and their 
fire resistance determined with respect to those 
criteria. The result is stated in terms of the elapsed 
time between commencement of heating and time 
of failure. 


(iii) Determination of the fire resistance of ceiling 


membranes. 
(1) Test specimens: 


A single specimen of at least 4m x 3m is tested 
from its underside. The specimen should include 
joints, diffuser grilles, lighting fittings and associ- 
ated wiring which form an integral part of the 
element in practice. 


(2) Test procedure: 


The test is carried out in accordance with BS 476: 
Part 20 and observations made of the behaviour 
of the specimen including the mode of failure in 
the event of collapse. The fire resistance of a ceil- 
ing membrane is determined with respect to 
integrity and insulation, and the results stated in 
terms of elapsed time between the commence- 
ment of heating and the time of failure. 


(iv) Determination of the fire resistance of glazed 


elements (where over 50% of the surface is glazing). 
(1) Test specimens: 


Normally two specimens of at least 3m x 3m are 
tested, the specimen being constructed and 
finished as used in practice. The specimen is 
mounted in an associated construction of a wall, 
partition or door of the type to be used in practice 
or, if not known, in a construction that has a recog- 
nized fire resistance greater than that anticipated 
for the specimen being evaluated. The method of 
fixing the specimen to the associated construction 
is representative of that used in practice. 


(b) Test procedure: 


The test is carried out in accordance with BS 476: 
Part 20 and the fire resistance shall be determined 
with respect to integrity and insulation. The result 
if stated in terms of elapsed time between the 
commencement of heating and the time of failure. 


(c) Comments. 


(i) Comprehensive guidance is given in an appendix, of 
the standard, on specimen construction and test 
procedure. 


(ii) This part of BS 476 forms part of a series (Parts 20 to 
24) to determine fire resistance. General information 
on the apparatus, test procedures and criteria for fail- 
ure is given in Part 20. 


(iii) The test method is large scale. 


6.5.5 BS 476: Part 23: 1987. Methods for determination of 
the contribution of components to the fire resistance of a 
structure 


(a) Objective. 


This part of BS 476 provides procedures for determining 
the contribution of components to the total fire resistance 
of a structure or other elements used in conjunction with 
them when subjected to the relevant heating and pressure 
conditions specified in BS 476: Part 20. 


The methods are applicable to suspended ceilings protect- 
ing steel beams and intumescent seals for use in 
conjunction with timber fire resisting door assemblies. and 
as such is not relevant to marine applications. 


6.5.6 BS 476: Part 24: 1987 Method for determination of the 
fire resistance of ventilation ducts 


Part 24 specifies the methods for determination of fire resis- 
tance of ventilation ducts when tested to Part 20 requirements. 
Its purpose is to measure the ability of a representative duct or 
duct assembly to resist the spread of fire from one compartment 
to another without the aid of fire dampers. For marine use, rules 
specifically give requirements for ducting construction without 
the need to fire test. Consequently Part 24 is not suitable for 
marine applications. 


6.6 Flexible Hoses 
Fire testing of flexible hoses for offshore installations. 


LR approves and certifies flexible hoses for use on exploration 
and production offshore installations. Such certification has 
included flexible hoses for use as: 


(A) Hydraulic control lines for blow-out preventors and 
valves. 

(B) Jumpers linking the wellhead ‘Christmas trees’ to the 
choke manifold on production rigs. 

(C) Kill and choke lines on drilling rigs. 


It has been considered inappropriate to give general 
approval for the intended use of the hoses. Instead each submis- 
sion is considered on its merit. It is expected that all hoses 
submitted for approval should satisfy suitable minimum fire 
test requirements. 

In order to present a consistent approach, the following test 
requirements have been adopted: 


(1) Remote controls for blow-out preventors and valves. 
Flexible hoses for this system should be certified as being 
capable of withstanding a limited fire test viz., a sample of 
the hose including an end fitting should be capable of with- 
standing a temperature of 700°C for not less than 5 minutes 
at the design working pressure. 

(ii) Kill, choke, and jumper hoses on offshore installations. 
Flexible hoses certified as being capable of withstanding 
at a temperature of 700°C for not less than 30 minutes at 
the design working pressure. Flexible hoses without certi- 
fied fire tests or not reaching the above standards may be 
accepted if the construction is considered suitable for the 
particular application. In the case of jumper lines, arrange- 
ments should be such that in the event of any emergency 
the hose could be isolated to restrict any spillage to a mini- 
mum. 


Inspection. 


It is proposed that flexible hoses on offshore installations be 
visually examined and pressure tested or replaced annually. 

Notwithstanding the above, the hoses are also to be accept- 
able to the National Authority concerned. 

Fire tests for flexible hoses, as for other prototypes, are to 
be carried out at recognised testing establishments and 
witnessed by an LR Surveyor. 

The design and construction of the test rig is to be suitable 
for the intended pressure. Relief arrangements are to be 
provided to prevent over-pressurisation including that caused 
by heating, and in the event of failure of the test piece, to ensure 
that the energy released can be safely dissipated. 

The fire test is to be carried out under the following condi- 
tions: 

(i) The test piece is to be heated ina furnace to ensure accurate 
temperature control. 


(ii) 


The test piece is to include at least one coupling. 


(iii 


— 


The length of the test piece which is to be heated is to be 
not less than *L’ metres, where 


2 Nominal nose diameter (mm) ey 


(excluding end coupling) 


Temperatures are to be measured at the middle and ends 
of the test piece by pairs of thermocouples located 25mm 
from the surface of the test piece. 


The test piece is to be internally pressurised with water to 
working pressure before the start of the test. This pressure 
is to be maintained during the test without further addition 
of water. 


6.7 Fire Main Fittings 


LR considers that valves, cocks and other fittings having mate- 
rials which could be readily rendered ineffective by heat are 
not acceptable in fire main systems unless they can withstand 
a suitable fire test as follows: 


(a) Test Procedure 


The valve or other items to be tested should be placed in 
a suitable furnace or oven where a temperature of 540°C 
should be maintained for 20 minutes, during which time 


an internal water pressure, without flow, of 8.3 bars (120 
PS.1.) should be maintained on the item. At the end of the 
test the leakage should not exceed 22.7 litres (5 gallons) 
per minute. 


(b) Test Conditions, 


Hydrants, valves and cocks should be tested in the closed 
position. Hydrants should be tested with the outlet hose 
connection open, (i.e. with no cap on). Isolating valves and 
similar valves and cocks should be tested with pressure on 
one side of the valve or cock and may have an open ended 
pipe connected to the other side of the valve or cock lead- 
ing outside the furnace. 

(c) 


Exemptions. 


Valves having metal to metal valve lids and seats, and cocks 
having metal bodies and plugs, are normally acceptable 
without a fire test. Compressed asbestos fibre jointing not 
thicker than 1.6mm, and other jointings not thicker than 
0.8mm, may be accepted without test, except neoprene and 
other materials with similar melting points. 


The above test procedure is based on the fire test require- 
ments for fire mains and fittings described by the Department 
of Transport. 

A successful result will be deemed applicable to a range of 
fittings half the size and twice the size of the nominal dimensions 
of that of the fire main fitting tested. 

The fire test for Fire Main Fittings is nota Rule requirement 
either for SOLAS nor Lloyd’s Register and more importantly 
is not accepted as a suitable fire test by LR for Pumping and 
Piping Systems which must comply with the more onerous 
requirements of BS 6755 “Fire test for soft seated ball valves”. 


7. CERTIFICATES 


The general content for ‘Standard’ certificates issued by LR is 
reproduced below: 


Certificate No: 

Date Certificate is issued: 

Item: Usually includes the manufacturers description of the 
product (i.e. trade name, catalogue reference number etc., ) 
and may include a brief description of the components. 

Manufacturers Address: (Including Country.) 


Where the specimen was tested: Laboratory name and maybe 
address. 


Test Report number and date of Report: 


Code or Standard: /f the test was not carried out in accordance 
with one of the SOLAS Resolution test procedures the 
Code or Standard will usually be included (e.g. BS 476: 
Part 7) and may show what the time/temperature curve 
relationship was (e.g. Standard/Hydrocarbon Curve) 


Where the product may be used: (ship and/or offshore instal- 
lations) 


Lloyd’s Register of Shipping 


71 Fenchurch Street, London, EC3M 4BS 


Certificate No: SVG/F90/XXX 


Date: Day Month, Year 


5 
m 
Ss 


: FIRE RESISTING BULKHEAD. 


MANUFACTURER : A FIRE PROTECTION LIMITED, 
10, THERMAL STREET, 
LONDON. 


This is to certify that the above bulkhead, the construction and constituent materials 
being as detailed in the Loss Prevention Council Test Report No. XXXX dated Day Month, 
Year, will be accepted for compliance with this Society’s Rules and Regulations and with 
the International Conventions for the Safety of Life at Sea 1960, 1974 and the 1981 and 
1983 Amendments thereto, on ships classed with Lloyd’s Register of Shipping and on ships 
for which the Society is responsible for the issue of the relevant certificate required by 
the above International Conventions as authorised by contracting Governments, as a: 


A-60 BULKHEAD. 


This Certificate is valid for five years from the date of issue. 


Surveyor to Lloyd’s Register of Shipping 


NOTICE - This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


Typical Fire Certificate 
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Category of Components: (e.g. Bulkhead, Cable Penetration 
Suitable for use in A-60 Bulkheads and Decks). 


A statement that the Certificate is valid for 5 years. 


The Certificate will be signed (and embossed with the Official 
LR emblem). 


A view often expressed by Surveyors, shipyards and owners 
alike, is the limited information given on certificates. 

A Surveyor is to verify that the installation of fire compo- 
nents are certified. However, at best the certificate will give an 
item name and possibly a brief description and the ‘official’ 
rating of that component. This obviously does not enable a 
Surveyor to verify that the installation is in accordance with the 
official test report referred to on the certificate. Critical detail 
of construction may well be overlooked, such as a correct air 
gap dimension or correct thickness of insulation etc. The only 
satisfactory answer to these problems is for the manufacturer 
to provide details of the test report. 

It should, however, be noted that certificates are prepared 
for, and are the property of, the manufacturer of the fire rated 
component and that the patent rights and manufacturers’ confi- 
dentiality have to be protected from industrial competitors. 
Nevertheless, in practice certificates are used by various parties 
and it is the Authors’ opinion certificates should be more infor- 
mative and also that the inclusion of a sketch should be 
considered where it would aid clarity. The principal objective 
being to enable verification to be made of a component as to 
its general construction and materials without referral to the 
test report. 

If a component is suitable for location in the vertical plane 
the certificate will indicate this and likewise if a component is 
suitable for use in the horizontal the certificate will also say so. 
Any restriction of use will be stated on the certificates. 


8. TEST CENTRE ACCREDITATION 
SCHEMES 


It should be noted that testing establishments must be accred- 
ited by the national body responsible for such schemes; in the 
U.K. e.g. the National Accreditation Council for Certification 
Bodies, and National Testing Laboratory Accreditation 
Scheme (NATLAS) et al. 


9, FIRE PROTECTION OF STEEL AND 
ALUMINIUM PRIMARY AND SUPPORT 
STRUCTURE 


9.1 General 


Steel loses its structural stability when exposed to fire either by 
decreased load-bearing capacity or by buckling instability at 
about 400°C/600°C (depending upon its plasticity) but for ships 
experience has proved that the inherent redundant strength of 
the fire protected structure and the heat sink effect, (i.e. from 
superstructure to steel hull, steel hull to sea) very rarely would 
structural collapse be a factor. However, on offshore platforms 
where there is a tendency, because of weight restriction, to 
minimise scantlings structural failure is a very real possibility. 

For offshore installations primary structural members 
including solid divisions, columns and beams which have been 
protected by proprietary fire resisting material(s) may be 
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subjected to a standard or hydrocarbon fire test to confirm 
structural stability. Fire tests on columns are performed in rela- 
tively small vertical surrounding furnaces. Axial load if 
required may be applied by jacks. 

The critical parameter as regards the heating up of the steel 
sections is the ratio of heated perimeter to cross-sectional area 
(Hp/A). The rise in temperature in unprotected steel sections 
would, therefore, depend on the massivity of the section, 
thicker sections heating up more slowly than thinner ones. 

Steel fully stressed in accordance with BS 449 will lose its 
design margin of safety in excess of 550°C regardless of grade. 
However, LR requires steel core temperatures to be limited to 
400°C which reflects the possible range of steels, including high 
tensile steels, which may require to be protected. 

A programme of fire tests, is usually required for certifica- 
tion purposes, on loaded and unloaded specimens. The 
programme of tests is designed to determine both the insulation 
characteristics of the fire protection material and its stickability 
for a range of steel sizes (in terms of section factor, Hp/A), 
protection thickness and fire resistance periods. This generates 
the maximum amount of data from a minimum number of tests. 
This is the one exception where mathematical modelling is 
accepted. Calculations are not generally accepted in lieu of fire 
tests of materials being carried out. 

The manufacturer is to submit tables of insulation thickness, 
section factors, temperature, and fire resistance time which 
have been developed, from the test results, by a mathematical 
model. 

Fire tests can be performed on floors and beams in a furnace 
where the test specimen forms the lid to the furnace. Floor load- 
ing, corresponding to in-service load conditions, can be applied 
by hydraulic jacks or by deadweight. Fire tests on columns are 
performed in a relatively small vertical surrounding furnace 
with axial load applied by jacks. 

In practice, it would be uneconomic to design massive, 
lightly stressed unprotected steelwork to achieve nominal peri- 
ods of fire resistance. For periods of fire resistance of 60 minutes 
or greater, some form of fire protection would normally be 
required. 


9.2 Intumescent coatings 


Intumescent materials are playing an increasingly important 
role in fire safety engineering. They have already proved their 
worth as fire seals for doors and frames, and in protecting open- 
ings made in divisions to allow the passage of service ducts and 
cables. They are now being used as coatings for the protection 
of structural members mainly on Offshore Platforms as an alter- 
native in certain locations to mineral fibres and ceramic 
products. 

Intumescent materials were developed as long ago as the 
early 1930's and have been available for building products such 
as timber and plywood since the early 1950's mainly in Europe. 
Recent progress has involved intumescent coatings which 
impart fire resistance to non-combustibles such as concrete and 
structural steel. 

During a fire the coating expands, or intumesces, to several 
times its original thickness. The expanded coating then forms 
a low neat conductivity matrix between the fire and the steel 
or other substrate which effectively slows down the rate of 
temperature rise of the material. 

When the coating is heating the intumescent process begins 
atarelatively low temperature of 150°C and a series of chemical 
reactions occur resulting in a carbonaceous char being formed 
and large amounts of smoke/fumes being evolved. Intumescent 
coatings however do not smoulder or burn due to the carbon 
dioxide gas produced helping to smother the flame. 

It is because of this factor i.e. smoke/toxic fumes that intu- 


mescent coatings are normally restricted in usage to exterior 
locations only and also to locations where personnel are not 
normally employed. Due consideration may however be given 
to the restricted usage under stringent limited conditions for 
intumescent materials to be used internally on normally 
unmanned platforms offshore. 


9.3 Aluminium 


The melting point of aluminium is approximately 650°C, and 
therefore if either a cellulosic or a hydrocarbon fire test was 
performed with an aluminium specimen exposed to the furnace 
the aluminium would melt. It is normally the case for any 
aluminium member to be insulated on both sides giving unre- 
stricted application, however recently there have been 
proposals for “sacrificial” aluminium division arrangements. 
These entail the aluminium being located on both sides of an 
insulant core which in the event of a fire results in the exposed 
aluminium plate being destroyed. 

Generally the insulation of aluminium alloy components of 
‘A’ or ‘B’ class divisions, except structure which is non-load 
bearing shall be such that the temperature of the structural core 
does not rise more than 200°C above the ambient temperature 
at any time during the applicable fire exposure to the standard 
fire test. i.e. the temperature rise limitation shall apply at the 
end of 60 minutes for ‘A’ class divisions and at the end of 30 
minutes for ‘B’ class divisions. 


10. THERMAL BOWING 


During a fire, heat can affect one side of a division causing ther- 
mal bowing resulting from the differential thermal expansion. 
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Figure 17 
Typical deflection curve for an *A-60° bulkhead 


In most fire situations and of course during the fire test, divi- 
sions are subject to heat on one side only which gives rise to 
temperature differences across the thickness of the element. In 
the case of steel, expansion of the hot faces will result in bowing 
towards the heat source relative to the ends of the element. 

In materials which retain a moisture content, e.g. mineral 
wool, bowing is in the opposite direction due to loss of moisture 
causing shrinkage in the hot face of the material. 

Experience has shown that a corrugated or profile steel 
bulkhead will usually (depending upon dimension) bow away 
from the heat source relative to the ends of the element. This 
bowing could be a crucial factor when the temperature criteria 
is dependent upon an air gap between the steel core and the 
insulating material. 

The thermal bowing could also be an important factor when 
stickability is a requirement for fire resistance effectiveness 
such as a vermiculite covered steel core. 


11. CONE CALORIMETER 


A cone calorimeter is used for performing the measurement of 
rates of heat release from burning materials. It provides addi- 
tional information not available from the standard reaction to 
fire tests such as surface spread of flame and fire propagation. 

The rate of heat released can be regarded as a measure of 
the power of a growing fire. It is a quantity which appears in 
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Figure 18 
Thermal bowing 


many of the theoretical relationships describing spread of flame 
and evolution of smoke and toxic gases. Widespread adoption 
of rate of heat release measurement is now possible using the 


cone calorimeter and this should provide a key to a number of 


areas of practical importance such as the offshore industry 
where there is a greater trend to ‘newer’ and lighter materials. 


Rate of heat release in combination with surface spread of 


flame data should allow better assessment of the hazard present 
by structural materials. It allows tests on composite structures 
which cannot be tested by conventional means. The rate of heat 
release tests can be combined with other tests to provide an 
integrated set of results suitable for assessing risk. (Other tests 
could include spread of flame, smoke evolution measurements, 
and toxic gas data.) 


12. STANDARDIZATION 


In the first instance it is the declared intention of the European 
Commission to move towards European standards in the manu- 
facture of construction products by 1992. In addition to the 
European initiative there is the global goal of standards harmo- 
nization through the International Standards Organization 
(ISO). 

Standardisation, while being recognised as a desirable 
objective by all concerned, is fraught with national, institutional 
and political considerations and interests. 

The European Committee for Standardisation, (Comite 
European De Normalisation (CEN)) has formed a technical 
committee to discuss fire safety in buildings. The committee 
has been set up specifically to service the needs of the European 
Commission in connection with the production of standards 
and other specifications needed for the harmonisation of the 
rules for construction products. 

CEN is a European standardisation organization whose 
membership embraces the EEC and EFTA countries - 1.e. as 
well as the twelve members of the European Community, 
Austria, Finland, Norway, Sweden and Switzerland also partic- 
ipate in the CEN activities. 

The European Commission had prepared a draft mandate 
which precisely identified the test procedures for which speci- 
fications had to be prepared. The European Commission was 
advised by a four man group of experts from leading fire test 
laboratories in Belgium, France, Germany and the U.K. This 
group is assisted by the European Group of Official 
Laboratories for Fire Testing (EGOLF). 

EGOLF is expected to have self-monitoring role to maintain 
certain minimum standards. A small panel of the group is 
currently examining laboratory procedures and test techniques 
for setting operating criteria. 

It is the intention of CEN to use ISO procedures but where 
these are not available because ISO committees are not proceed- 
ing at a rapid enough pace CEN will adopt existing procedure as 
an interim solution. The intention would be to replace these with 
ISO specifications when they become available. 


13. FUTURE DEVELOPMENTS 


13.1 Materials other than steel for pipes 


AnIACS draft covers fire protection aspects and permitted use 
of plastic pipes from a fire endurance point of view. One of the 
problems faced in this development was that no test procedures 
and acceptance criteria deemed to be suitable for the purpose 
were available initially. 
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IACS developed testing procedures and acceptance criteria 
for fire endurance at three different levels as follows: 


(A) The lowest level which was considered to provide fire 
endurance necessary for a water filled piping system to 
survive a local fire for a period sufficient to allow fire extin- 
guishing systems to be activated. 

(B) The highest fire endurance standard was intended to 

ensure the integrity of the plastic pipes during a full scale 

hydrocarbon fire and was particularly applicable to 
systems where loss of integrity may cause outflow of 
flammable liquids and thus worsen the fire situation. 

(C) The intermediate fire endurance standard mainly intended 

to ensure the availability of important systems that may 

be needed during a fire situation and for a sufficient time 
to enable the crew to take the necessary action. 


It was also considered that all plastic piping except those 
located on open decks should meet a minimum flame spread 
standard. The question of minimum smoke generation was also 
considered but no standard deemed appropriate as no such 
standard presently existed for other equipment and materials 
used aboard ships. 

The fire protection requirements for plastic pipes and 
fittings remain subject to amendment and are therefore not 
yet complete because aspects other than fire are not finally 
discussed. 


13.2 Surface spread of flame test 


A series of second generation ‘reaction to fire’ tests, including 
an ignitability test, a surface spread of flame test and a heat 
release test are under preparation in ISO ‘Fire tests on building 
materials, components and structures’. The United Kingdom 
is participating in this work, and is currently developing a 
surface spread of flame test with higher irradiance levels than 
the test adopted at present. 

A small scale test procedure for assessing spread of flame 
characteristics, which might be useful for quality control work 
or research and development, is being considered to form BS 
476: Part 14 (presently in preparation due for publication). 


13.3 Fire Tests for Elements of Structure: Hydrocarbon Fires 


Fires involving hydrocarbons have a rapid heating rate and 
reach very high temperatures. It is well established that the 
furnace tests used in standards such as BS 476: Fire Tests on 
Building Materials and IMO, SOLAS (i.e. the time/tempera- 
ture relationship described therein) methods for determination 
of fire resistance, do not adequately represent the conditions 
that are typical of a hydrocarbon fire. It is known that some 
elements that can withstand three hours exposure in a standard 
furnace test will last a much shorter period of time in a hydro- 
carbon fire. Therefore, fire tests have been developed to assess 
the performance of elements of structure in hydrocarbon fires. 
The best known of these tests is the MOBIL Test, others are 
the Norwegian Petroleum Directorate (NPD) and now LR 
have included a test in their Rules. There are also draft propos- 
als recently issued by the Department of Energy on this subject. 
Strictly speaking what this means is that a time/temperature 
relationship suitable for hydrocarbon fires has been developed. 


13.4 Fire Type Test Procedures for Cable Penetrations 


Two separate proposals are presently in draft form, one of 
which is being investigated to be put forward to the various 


National Committees represented on the IEC for comments 
and modifications prior to a final complete document being 
proposed for approval as an International Electrotechnical 
Commission (IEC) Standard. The content of the Report is 
intended as supplementary specifications for fire type testing 
of cable penetrations which shall comply with the Regulations 
of the 1981 SOLAS Amendments, Chapter II-2 (IMO 
Resolution A.517(13)). Its aim is to specify tests which, as far 
as practicable, will give reproducible test results under 
controlled laboratory conditions. 

The second draft is the proposed Nordtest Method ‘Cable 
penetrations of fire resistant separating elements: Fire 
Resistance Test’, on the basis of ISO 834-1985. The purpose of 
this test is to assess: 


The effect of such penetrations on the integrity and insu- 
lation performance of the element concerned. 


(1) 


The integrity and insulation performance of the penetra- 
tion sealing system. 

(3) The insulation performance of the penetrating cable or 
cables, and where necessary, the integrity failure of a cable. 


Both of the above methods being in draft form are presently 
only used for guidance. 


13.5 U.S.C.G. Report ‘An investigation of the smoke 
produced by interior bulkhead finishes and secondary deck 
coverings’ 


The IMO is presently considering the development and use of 
regulations which would restrict the use of shipboard materials 
that produce smoke when exposed to fire. Materials to be 
restricted include bulkhead finishes and secondary deck cover- 
ings. After a review of alternative test procedures the test 
protocol developed by the American Society for Testing & 
Materials (ASTM E662-83) was considered the most suitable 
for use an an international standard. Subsequently, the 
U.S.C.G. carried out laboratory tests and published their 
Report No. CG-M-2-89. 

This report provides data on the quality of smoke produced 
by commercial materials used on ships as interior bulkhead 
finish and secondary deck coverings. Bulkhead finish materials 
that were tested included: paints and coatings; vinyl chloride 
films and laminates. Secondary deck coverings that were tested 
included paints and carpets. 

The conclusions/recommendations state that ASTM E662- 
83 is asuitable test for IMO use in providing data on the quantity 
of smoke generated by materials during the preflashover stage 
of ship compartment fires. 


13.6 Computers 


Computers are becoming more and more widely used in fire 
protection system design and evaluation. Very often manufac- 
turers have fully examined the optimum arrangement prior to 
fire testing. 

For passive fire protection there are a small number of 
commercially available computer programs for the design and 
evaluation of fire endurance of protected and unprotected steel 
and reinforced concrete structural assemblies. These programs 
have been used in the building industry but to date LR has had 
no experience of such programs. However, undoubtedly it will 
only be a matter of time before LR is requested to assess such 
systems prior to a fire test and ultimately the manufacturers 
would envisage computer modelling in lieu of fire tests. 
However, an important aspect of a fire test which computer 
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modelling cannot examine is the ‘stickability’ of the various 
elements when subjected to a fire. 


13.7 Rules and Regulations 
(1) General. 


At the present time there are no Rule changes or additions 
which are likely to change the requirements of structural fire 
protection on ship or offshore structures which in turn are liable 
to affect fire testing requirements. Experience and lessons 
learnt from recent and well publicised disasters may well speed 
the development of some of the more popular ideas and 
thoughts which have been discussed throughout the marine 
industry for some time. 


(2) Ships. 


The biggest danger of fire on tankers (i.e. oil, gas, and chemical 
tankers) emanates from the cargo area. The cargoes are mostly 
of a hydrocarbon type on this ship type, therefore it follows that 
any structure which separates the accommodation and control 
areas from the cargo areas should be able to withstand the 
higher temperatures which are generated by a hydrocarbon 
fire. Present Rules require that house fronts of tankers and 
constructed to ‘A-60° standard. It is generally acknowledged 
that a more effective fire protection rating would be *H-60" 
standard. 

Recent years have been particularly buoyant for the build- 
ing, conversion to and upgrading of cruise liners. This trend it 
seems will continue unabated for the foreseeable future. The 
nature of the cargo, (that is people), of these ships, has raised 
the issue of safety in a number of quarters. Of special concern 
to IMO and others, has been the fire protection, detection and 
extinction systems, of these ships. 

Designers, understandably, have a preference for large open 
areas for public spaces such as, conference auditorium facilities, 
night clubs, restaurants, shopping arcades, and antriums etc. 
The large open areas which these public spaces offer are not 
conducive to good structural fire protection arrangements. 
Also some of the materials being proposed by designers are not 
always the most suitable or effective for resisting fire. For exam- 
ple extensive glazing systems are popular with designers. Some 
of the modern glazing systems can satisfy present Rule require- 
ments for insulation and integrity. However, their inherent 
weakness to withstand loading and mechanical damage means 
that certification of these systems for other than non- 
combustible material is unlikely. 

Restriction on the size of public areas and more explicit defi- 
nitions as to material types and the required fire resistance 
properties of those materials are the most likely direction for 
future legislation. In the case of the passenger ship, in particular, 
detection and extinction systems will be developed in conjunc- 
tion with structural fire protection. for example a glazing system 
may be acceptable in association with an effective deluge or 
sprinkler system, where an ‘A’ class division is required by the 
Rules. Fire testing of these glazing systems may need to include 
at some stage of the test, a water spray test, to demonstrate the 
ability of the glazing systems ability to maintain integrity in the 
event of a deluge or sprinkler system being employed. 


13.8 Offshore 


LR has already incorporated *H’ class divisions into its Rules 
for Offshore Installations. The Department of Energy has 
included in its Guidance Notes for Offshore Installations *H’ 
class divisions. The fire resistance time period has been 
increased from 60 minutes to 120 minutes for some divisions. 


In addition to the structural fire protection ratings being gener- 
ally upgraded, the required fire protection has been extended. 
The Norwegian Government, through the Norwegian 
Petroleum Directorate, has introduced regulations for fire 
walls able to withstand 2 hours of a hydrocarbon furnace test, 
using a temperature-time curve similar to the MOBIL curve 
and the other requirements for an IMO ‘A’ class bulkhead. 

In the UK it is the Department of Energy which has this 
responsibility for offshore installations, and in 1981 it 
approached the Fire Research Station for an assessment of the 
position at that time with a need for a hydrocarbon fire stan- 
dard. The report for this work was presented to the Department 
of Energy in 1983 (A hydrocarbon fire standard - assessment 
of existing information. Fire Research Station report to 
Department of Energy OT/R/8294, January 1983.), where it 
was concluded that a hydrocarbon fire standard was needed for 
offshore structures. At the time of writing the Department of 
Energy has, at an advanced stage, a Hydrocarbon Fire 
Specification & Procedure, which will be published in due 
course. These are intended for use in conjunction with Section 
13.3 of the Fourth Edition of “Offshore Installations: Guidance 
on Design, construction & certification”. The document was 
originally prepared in consultation with the Norwegian 
Petroleum Directorate and SINTEF. (A Norwegian test labo- 
ratory.) The hydrocarbon fire test specification and procedure 
will be a hydrocarbon temperature/time curve. 

Full safety assessment of structures and also hazard analysis 
of designs are now requirements for all Offshore Units. 


13.9 Material Testing 


As the range of materials increase and as composite type 
construction of divisions become more popular it is important, 
not just for the certifying authorities, but also for the manufac- 
turer to be fully aware of the fire resisting properties of a 
product. Individual testing of component elements is becoming 
more and more necessary to establish values of thermal expan- 
sion, conductivity etc. Large scale testing is expensive so it is 
important that manufacturers have evaluated the performance 
of the product by means of small scale tests prior to the final 
test. 

In addition materials such as glass reinforced plastics (GRP) 
are being proposed more and more, mainly because of the likely 
weight savings possible on offshore installations. 

GRP does not meet the criteria for non-combustibility. 

However, there are instances where GRP has been accepted 
as a suitable fire protection material but the acceptance criteria 
is the subject of on-going discussion within the offshore industry 
and authorities and is therefore not considered further within 
this paper. 


13.10 Fire Testing Itself 


The present fire test represents a fully developed fire of a 
general nature. Depending upon the component being tested 
this may not be the best type of fire, a jet fire may be more 
representative of a real life situation for testing valves for exam- 
ple. 

However, it is becoming generally accepted that heat flux 
(or heat flux density as it strictly should be called) is a better 
test criterion than temperature as it is the incident heat flux 
received by- the specimen that mainly determines its perfor- 
mance. In existing tests the heat flux on the specimen can be 
dependent on the heat losses through the specimen itself and 
so different specimens may receive a different heat flux despite 
the furnace gas temperature, by which the test is controlled, 
being the same. 

Ideally a test which is controlled by the incident heat flux on 


the specimen, not the gas temperature, so that the specified fire 
conditions are simulated. It will therefore be necessary to decide 
on the fire scenario that is to be simulated. 

To date discussions have concentrated on pool fires but these 
are not the only types of hydrocarbon fire, for example the 
ignited blowout is a very severe fire. 

It will be necessary to look at risk analyses to decide what 
fire should be represented but it is not clear that all the data 
needed exists. 

The pool fire is the minimum fire condition that will be 
represented hence heat flux values of 150-200 kW/m 2 will need 
to be achieved typically in 2 minutes. 

To adequately test the softer fire protective coatings about 
40 kW/m 2 of this should be by convective heat transfer, the rest 
will be radioactive. 

These total flux values are not difficult to obtain, measure- 
ments in existing furnaces running the NPD curve show final 
values above these, it is the early rapid rate of rise that will be 
a problem. 

The Underwriters Laboratory (U.S.A.) overcomes this 
problem by having trays of heptane in the furnace at ignition 
but other testing organisations are unlikely to adopt this idea. 

Another problem in the way of a heat flux test is instrumen- 
tation. Heat flux meters are bulkier and more complicated to 
use than thermocouples and there are other problems with the 
use of radiometers which need to be resolved. 

The development of this test does however give an oppor- 
tunity to reconsider failure criteria, test procedure, loading 
tolerances and perhaps the number of specimens tested. The 
size of specimens needs to be considered, some structures put 
on offshore installations are so large that even 3m by 3m test 
specimens are ‘small-scale’ and it will probably have to be 
accepted that the test will provide data so that calculation meth- 
ods can be used to estimate the performance of the full-size 
element. 


14. CONCLUDING COMMENT 


A greater understanding of structural fire protection and fire 
testing procedures will lead to improved fire safety design and 
installation which may at some time in the future save a life or 
lives. 

It is hoped that this paper goes some way to explaining the 
variances and mis- understandings which at times are related 
to structural fire protection and fire testing. The authors at this 
stage also wish to thank their colleagues for their assistance 
either knowingly or unknowingly within Construction Services 
Department, during the preparation of this paper. 


APPENDIX A 
British Standard Tests in the BS 476 Series. 


There are a number of important fire tests drawn up by the 
British Standards Institution for building materials and struc- 
tures. These are grouped under BS 476. Over the years some 
tests are withdrawn or fall into disuse but new ones continue 
to be formulated. 


BS 476: Part 4: 1970 

Non-combustibility Test for Materials 

Includes definition of non-combustibility. Determines whether 
materials, with or without coatings, used in construction or 
finishing of buildings meet the definition. 


BS 476: Part 7: 1986 

Surface Spread of Flame Test for Materials 

Large scale test (which determines tendency of materials to 
support spread of flame across their surfaces) and classification. 
Small test (not correlated, useful for development and quality 
control of materials). 


BS 476: Part 20: 1987 

Method for the Determination of the Fire Resistance of 
Elements of Construction (General Principles) 

Describes a procedure for a laboratory test. Fire resistance of 
the test element is expressed as the time for which the appro- 
priate criteria have been satisfied. 


BS 476: Part 21: 1987 

Methods for Determination of the Fire Resistance of Load- 
bearing Elements of Construction 

Tests appropriate for loadbearing elements of structure such as 
beams, columns, floors, flat roofs and walls. 


BS 476: Part 22: 1987 

Methods for Determination of the Fire Resistance of Non- 
loadbearing Elements of Construction 

Applicable to vertical partitions, to fully insulated, partially 
insulated and uninsulated vertical doorsets and shutter assem- 
blies, to ceiling membranes and glazed elements. 


BS 476: Part 23: 1987 

Methods for Determination of the Contribution of Components 
to the Fire Resistance of a Structure 

Applicable to suspended ceilings protecting steel beams and 
intumescent seals for use in conjunction with single-swing 
latched timber fire resisting door assemblies. 
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APPENDIX B 
IMO Fire Test Procedures. 


A.163(ES.IV) 


A.164(ES.IV) 


A.165(ES.IV) 


A.166(ES.IV) 


A.214(VID) 


A.215(VII) 


A.270(VII1) 


A.471(XI1]) 


A.472(XI1) 


A.516(13) 


A.517(13) 


A.563(14) 


A.564(14) 


Recommendation for fire 
test procedures for *A’ and 
‘B’ class divisions 


Recommendation 
concerning checking the 
constancy of the properties 
of materials. 


Provisional guidelines on 
test procedures for deck 
coverings 


Guidelines on the evaluation 
of fire hazard properties of 
materials 


Improved provisional 
guidelines on test 
Supersedes procedures for 
primary deck coverings 


Correction to the text of the 
recommendation for fire test 
procedures for ‘A’ and *B’ 
class divisions 

(resolution A.163(ES.IV)) 


Recommendation on test 
method for qualifying 
marine construction 
materials as non-combustible 


Recommendation on test 
method for determining the 
resistance to flame of 
vertically supported textiles 
and films 


Improved recommendation 
on test method for qualifying 
marine construction materials 
as non-combustible 


Recommendation on fire 
test procedures for surface 
flammability of bulkhead 
and deck finish materials 


Recommendation on fire 
test procedures for ‘A’, *B’ 
and ‘F’ class divisions 


Amendments to the 
recommendation on test 
method for determining the 
resistance to flame of vertically 
supported textiles and 

files (resolution A.471(XI1)) 


Revised recommendation 
on fire test Supersedes 
procedures for surface 
flammability 


Corrected by 
A.215(VII) 
Superseded by 
A.517(13) 


Superseded by 
A.214(VII) 


Supersedes 


A.165(ES.IV) 


Superseded by 
A.517(13) 


Superseded by 
A.472(XI1) 


Amended by 
A.563(14) 


Supersedes 
A.270(VII1) 


Superseded by 
A.564(14) 


Supersedes 
A.163(ES.IV) 


Supersedes 
A.516(13) 
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APPENDIX C 
ISO Fire Standards. 


ISO 834:1975 


ISO 1182:1983 


ISO 1716:1973 


ISO 3008:1976 


ISO 3009:1976 
ISO 3261:1975 


ISO/TR 3814:1975 


ISO/TR 3956:1975 


ISO 4736:1979 


ISO 5657:1986 


ISO 5925-1:1981 


ISO/TR 6167:1984 


ISO/TR 6543:1979 


ISO/TR 6585:1979 


ISO 6944:1985 


Fire-resistance tests — Elements of 
building construction 


Fire tests — Building materials — Non- 
combustibility test. 


Building materials — Determination of 
calorific potential 


Fire-resistance tests — Door and shutter 
assemblies 


Fire-resistance tests — Glazed elements 
Fire tests — Vocabulary Bilingual edition 


The development of tests for measuring 
‘reaction to fire’ of building materials 


Principles of structural fire-engineering 
design with special regard to the 
connection between real fire exposure 
and the heating conditions of the 
standard fire-resistance test (ISO 834) 


Fire tests — Small chimneys — Testing at 
elevated temperatures 


Fire tests — Reaction to fire — Ignitability 
of building products 


Fire tests — Evaluation of performance of 
smoke control door assemblies — Part 1: 
Ambient temperature test 


Fire-resistance tests — Contribution made 
by suspended ceilings to the protection 
of steel beams in floor and roof 
assemblies 


The development of tests for measuring 
toxic hazards in fire 


Fire hazard and the design and use of fire 
tests 


Fire resistance tests — Ventilation ducts 


an 
we 


APPENDIX D 
NFPA Standards and Resolutions. 


NFPA 80 Standard for Fire Doors & Windows 


251 Standard Methods of Fire Tests of Building 
Construction & Materials 

252 Standard Methods of Fire Tests of Door 
Assemblies 

255 Standard Method of Test of Surface Burning 


Characteristics of Building Materials 
257 Standard for Fire Tests of Window Assemblies 


262 Standard Method of Test for Fire & Smoke 
Characteristics of Electrical Wires & Cables 


701 Standard Methods of Fire Tests for Flame 
Resistant Textiles & Films 


APPENDIX E 
List of Fire Certificate Descriptors. 


A-60 Bulkhead 

A-30 Bulkhead 

A-15 Bulkhead 

A-0 Bulkhead 

A-60 Deck 

A-30 Deck 

A-15 Deck 

A-0 Deck 

A-60 Door single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 

A-30 Door single leaf. hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 


Non-combustible material 

Material not readily ignitable 

Material having low flame spread characteristics 
Primary deck covering material 

Cable penetration 

Fire stop for electric cable systems 
Pipe penetration 

Fire damper (standard fire test) 

Fire damper (hydrocarbon fire test) 
Window (standard fire test) 

Window (hydrocarbon fire test) 

Fire main isolating valve 

Fire main fitting 

Fire hose 

Firemans outfit 

Flexible hose for offshore installations 
Paint 

Fixed fire extinguishing system 


Fire resisting division for dynamically supported craft 


Acoustic enclosure 


A-15 Door single leaf hinged Deck covering material which will not readily ignite 


double leaf hinged Material having qualities of resistance to the ignition 

single leaf sliding and propagation of flame 

double leaf sliding Floor covering having qualities of resistance to the 
A-0 Door _ single leaf hinged propagation of flame 

double leaf hinged Miscellaneous 


single leaf sliding 
double leaf sliding 
B-15 Bulkhead 
B-0 Bulkhead 
B-15 Ceiling 
B-0 Ceiling 
B-15 Door single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 
B-0 Door _ single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 
C Class ceiling 
Ceiling fixture (light fittings; vent outlets; etc.) 
H-120 Bulkhead 
H-60 Bulkhead 
H-0 Bulkhead 
H-120 Deck 
H-60 Deck 
H-0 Deck 
H-120 Door single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 
H-60 Door single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 
H-0 Door _ single leaf hinged 
double leaf hinged 
single leaf sliding 
double leaf sliding 
Lightweight non load bearing deck (standard fire test) 
Lightweight non load bearing deck (hydrocarbon fire test) 
Non load bearing cladding system (standard fire test) 
Non load bearing cladding system (hydrocarbon fire test) 
Non load bearing partition system (standard fire test) 
Non load bearing partition system (hydrocarbon fire test) 
Structural steel standard fire protection system 
Structural steel hydrocarbon fire protection system 


APPENDIX F 


Glossary — The Phenomenon of Fire. 


The aim of this glossary is to provide a set of simple basic defi- 
nitions which will be correct in any context but each of which 
is capable of extension for specific purposes for use by the 
specialist. Terms having normal dictionary meanings which are 
acceptable and sufficiently specific in the context of fire have 
not been included. In those cases where synonyms terms exist 
for a definition the preferred term is given first, and the non- 
preferred synonym is given below it. Deprecated synonyms are 
so marked. 


Term Definition 

after-glow The process of continued burning with 
incandescence after flame is 
extinguished 

brand A freely burning fragment of a 


substance which may fall or become 
airborne either by wind or by 
convection currents 


 — to To consume or be consumed by rapid 
oxidation with the production of heat, 
usually with incandescence or flame, 


or both 
burn (n) Injury or damage caused by heat 
carbonization Decomposition by heat of organic 


substances in a limited supply of air, 
accompanied by the formation of 
carbon 


coefficient of The proportional increase in length, 
thermal expansion volume or superficial area of a body per 
degree rise in temperature 


combustion Consumption by oxidation, with the 
production of heat, usually with 
incandescence or flame, or both. 


combustible Capable of undergoing combustion 

conduction Transfer of heat through a solid 

(of heat) material from a region of higher 
temperature to a region of lower 
temperature 

convection Transfer of heat in or by a liquid or a 

(of heat) gas by the movement of the medium. 

cooling A process of fire extinguishment or 


control by a reduction of temperature. 


critical pressure The pressure of a saturated vapour at 
(of a gas) its critical temperature. 


critical temperature The temperature above which 
(of a gas) liquefaction of a gas is not possible by 
pressure alone. ¥ 


density Mass (weight) of unit volume of a 
substance. 


an 
an 


explosive range 
FLAMMABILITY 
RANGE 


extinguishing 
(fire) 


fire 


fire load 


fire load density 


fire point 


fire resistance 


flame 


flammable 
INFLAMMABLE, 
deprecated 
flammability 
INFLAMMABLE, 
deprecated 
flammability range 


flash (fire) 


flashover 


flash point 


heat 


ignitable 


ignite, to 


The range of percentage of vapour (gas) 
concentration by volume in air between 
the upper and lower limits of 
flammability. 


Bringing a fire to an end by one or 
more of the following: starvation, 
inhibition, smothering or cooling, 
achieved by the reduction of fuel, 
oxygen and temperature. 


A process of combustion characterized 
by heat or smoke or flame or any 
combination of these. 


The total amount of combustible 
material expressed in heat units; or its 
equivalent weight of wood. 


The fire load per unit area. 


The lowest temperature at which a 
liquid gives off sufficient flammable 
vapour in air to produce sustained 
combustion after the removal of the 
ignition source. 


Having the ability to withstand the 
effects of fire for a specified period of 
time without loss of its fire-separating 
or loadbearing function,or both. 


A zone of oxidation of gas usually 
characterized by the liberation of heat 
and the emission of light. 


Capable of burning with a flame. 


The capacity to burn with a flame. 


See ‘explosive range’. 
A flame of very short duration. 


A stage in the development of a 
contained fire at which fire spreads 
rapidly to give large merged flames 
throughout the space. 

NOTE: As a scientific term ‘flashover’ 
is applicable only to enclosed 
compartments. 


The lowest temperature at which a 
liquid gives off sufficient flammable 
vapour in air to produce a flash on the 
application of a small flame. 


Form of energy which when imparted 
to a substance raises its temperature or 
changes its state. 


Capable of being ignited. 


To initiate combustion. 


ignition temperature The lowest temperature of a substance 


incandescence 


incombustible 
inflammable 
inflammability 


inhibition 


latent heat 


lower limit of 
flammability 


non-combustible 


INCOMBUSTIBLE 


deprecated 


non-flammable 
NON- 
INFLAMMABLE 
deprecated 
oxidation 


radiation (of heat) 


relative density 
SPECIFIC 
GRAVITY 


self-extinguishing 


self-ignition 


temperature 


smoke 


smouldering 


smothering 


at which sustained combustion can be 
initiated. 


The emission of light by a substance 
due to its high temperature. 


See ‘non-combustible’. 
See ‘flammable’. 
See ‘flammability’. 


A process of fire extinguishment by the 
use of an agent which interrupts the 
chemical reactions in the flame. 


Heat required to change the state of a 
substance without causing a change in 
temperature. 


The lowest percentage concentration 
by volume of flammable vapour (gas) 
mixed with air which will burn with a 
flame. 


Not capable of undergoing combustion. 


Not capable of burning with a flame. 


The combination of oxygen with a 
substance. 


Transfer of heat through a gas or 
vacuum other than by heating of the 
intervening space. 


Ratio of density of a material to that of 
a reference material under given 
standard conditions; for solids and 
liquids this is usually water and for 
gases usually air. 


Incapable of undergoing sustained 
combustion after removal of the 
external source of heat. 


The temperature at which a flammable 
gas/air mixture will ignite without an 
external source of ignition. 


A visible airborne cloud of fine 
particles, the products of incomplete 
combustion. 


A process of combustion without flame 
but usually with incandescence. 


A process of fire extinguishment by the 
limitation or reduction of oxygen. 


spark (electric) 


spark (fire) 
specific gravity 


specific heat 


spontaneous 
combustion 


sublimation 


starvation 


temperature 


thermal conductivity 


thermocouple 


thermostat 


upper limit of 


flammability 


vapour density 


vapour pressure 


volatility 


Instantaneous electrical discharge 
between bodies at different electrical 
potentials accompanied by heat and 
light. 


A small incandescent particle. 
See ‘relative density’. 


Amount of heat required to raise the 
temperature of unit mass by | degree. 


A biological or chemical reaction which 
produces its own heat resulting in 
combustion. 


The change of state of a material 
directly from solid to gas or fror gas to 
solid without passing through a liquid 
state on a rise or fall in temperature. 


A process of fire extinguishment by the 
limitation or reduction of fuel. 


A measure of hotness or coldness. 


The quantity of heat transmitted 
through unit cross-sectional area of a 
material in unit time, per unit 
temperature gradient along the 
direction of flow. 


A junction of wires of dissimilar metals 
used for measuring temperature. 


An automatic control device responsive 
to changes of temperature. 


The highest percentage concentration 
by volume of flammable vapour (gas) 
mixed with air which will burn with a 
flame. 


The ratio of the weight of a given 
volume of gas or vapour to the weight 
of an equal volume of another gas at 
the same temperature and pressure. 


The pressure exerted by a vapour at a 
given temperature. 


The readiness with which a substance 
vaporizes. 
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PROPELLER SERVICE EXPERIENCE 
SOME HYDRODYNAMIC AND MECHANICAL CONSIDERATIONS 


by 


J. S. Carlton 


Using Lloyd’s Register’s data base the trends in propeller 
design and ship propulsion that have occurred over the last 
twenty five years are reviewed. This analysis is then extended to 
the different types of propeller failures that have occurred and 
outlines the comparative trends in these failures over the years. 

From this generalised review of the statistics the paper then 
discusses, in engineering terms, a range of in-service problems 
that are encountered from LR’s general experience, for example, 
cavitation, fatigue failure, mechanical damage, power absorp- 
tion, etc., and indicates the in-service remedial measures 
together with the probabilities of success in various circumstan- 
ces. Areas where research is required are highlighted. 


During the past twenty five years other such transient phases 
in the popularity of particular systems have been seen, however, 
the rise in the popularity of the controllable pitch propeller 
during this time has been steady and sustained. Figure 1 shows 
the rise in popularity of the controllable pitch propeller as a 
proportion of the total number of propellers classes over the 
period 1960 to 1968. The figure is based on a consideration of 
the set of propeller systems absorbing more than 2000 BHP and 
working in the conventional propulsion mode; that is at the end 
of a tailshaft at the stern of the vessel, rather than including the 
important, although small subset of systems such as cycloidal 
propulsion and non conventional propulsors. For convenience 
of analysis and presentation this period of time has been divided 
into five year intervals except for the last interval which includes 
data over the four year period 1985 to the end of 1988. From the 
figure it can be seen that in the early sixties controllable pitch 
propellers accounted for only some 5% of the total propellers 
classed during the years 1960 to 1964 whereas this proportion 
has grown to a level of around 36% during the 1980's. 


1 INTRODUCTION 


@ Although the basic hydrodynamic principles of propeller 
action have remained unchanged over the years, designers have 
gained a greater insight into the ways of influencing a design to 
achieve certain particular objectives. This enhanced capability 
has been due, in part, to the increased power of computational 
facilities which allow the solution of more detailed theoretical 
models of propeller action; to the accumulation of practical 
experience concerning the consequences of certain design 
actions and also the influence of market forces. As a 
consequence propeller design, as with all engineering design, 
does not and should not remain static if it is to survive and 


0,4 


0,3 


prosper. It is, nevertheless, important from time to time to pause 
and reflect on both what changes have taken place and, more 
importantly, what lessons have been learnt. This paper em- 
braces this theme by considering propeller service experience 
and the changes that have occurred over the last quarter of a 
century. 

The paper, in general, confines itself to propellers absorbing 
more than 2000 BHP and to those working in the conventional 
propulsion mode. However, many of the conclusions drawn are 
equally applicable to the wider family of marine propellers. 


2 TRENDS IN PROPELLER DESIGN 


By interrogating Lloyd’s Register’s classification and 
maritime databases it is possible to trace some of the changes in 
the design of marine propellers over the last twenty five years or 
so. During this period, as might be expected, the overall 
predominance of the fixed pitch or mono-block propeller can be 
seen, however, there have been various excursions into the use of 
other propeller types for particular ship design applications. 
Typical of these was the rise in popularity of large ducted 
propeller systems in the early seventies. The service experience 
reported from the use of these propellers was, however, mixed. 
In some cases it was claimed, and indeed measured on properly 
instrumented trials, that the system provided some efficiency 
benefit: in other cases, the service experience accumulated over 
a period of time was not so convincing and in some applications 
owners found it difficult to differentiate in operational terms 
between the performance of sister vessels, one fitted with a duc- 
ted propeller and the other with a conventional fixed pitch 
propeller when operating on a similar service. For these reasons, 
and of course others associated with the oil crisis in the early 
seventies and also certain structural integrity difficulties 
associated the large ducts, the interest in large ducted propeller 
systems waned. 
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No. of C.P. Propellers classed 
Total number of propellers classed 


1960 1965 1970 1975 1980 1985 
-64 -69 -74 -79 -84 -88 
Time interval 


Fig. 1 Comparative Number of C.P. 
Installations Classed 


Clearly, the controllable pitch propeller lends itself to par- 
ticular applications where high manoeuvrability or duality of 
operational mode, for example, are important and Table 1 
demonstrates this by showing the number of controllable pitch 
propellers, as a percentage of the total number of propellers, 
classed in each of the time intervals used in Figure | for seven 
different classes of ship. Table | clearly shows how in the case of 
passenger vessels, ferries, tugs, offshore vessels and fishing 
vessels controllable pitch propellers have effectively captured 
the whole of the propeller market in recent years. This is in 
contrast to the significantly lower market share in the tanker, 
bulk carrier and container ship sectors where the constant and 
unaided manoeuvrability and duality of operation constraints 
are not so severe. The general cargo market, which to some 
extent attributes of each of the previous ship groupings, can be 
seen to have gained just over 40% of the propeller market for 
controllable pitch propellers. 


TABLE 1 
PERCENTAGE OF CPP/FPP PROPELLERS BY SHIP TYPE 


SHIP TYPE 


Passenger Vessels 
and Ferries 


Although the rise in popularity of the controllable pitch 
propeller during the last twenty five years is shown by both 
Figure | and Table 1 it is also of interest to examine the applica- 
tion of the controllable pitch propeller in relation to the power 
absorbed by the installations. Figure 2 explores this aspect by 
showing three discrete power bands; 2,000 to 4,999, 5,000 to 
9,999 and 10,000 horsepower and above in which controllable 
pitch propellers have been applied. From this figure we see the 
controllable pitch propeller has generally, throughout the 
period under review, maintained a proportion of between 50 
and 60% of propellers classes in the lower power range whilst in 
the intermediate power range, they have generally accounted for 
some 20 to 30% of the propellers classed. For the higher power 
propellers, absorbing above 10,000 BHP, there has been a 
steady growth in usage from virtually nothing in the early 1960's 
to a level of around 20% of the propellers classed in this power 
band in recent years. 
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Fig. 2 Proportion of C.P. 
Propellers in Each Power Band 


The materials specified for marine propellers have undergone 
a marked change in their relative popularities during the period 
under review and Figure 3 shows the trends in material usage for 
the same five year time bands that applied to the previous 
figures. In the early sixties, the use of high tensile brass accoun- 
ted for some 64% of all of the propellers produced with 
manganese aluminium bronze and nickel aluminium bronze 
accounting for comparatively small proportions; 12 and 19% 
respectively. However, it can be seen that by the last time inter- 
val, 1985 to 1988, nickel aluminium brozen has gained an almost 
complete dominance over the other materials by accounting for 
some 82% of the propellers classed with Lloyd’s Register during 
that period. Furthermore, Figure 3 shows that this has been a 
steady trend developing over the last quarter of a century. High 
tensile brass which in the early sixties was the major material 


to 


now only accounts for some 7% of the propellers used and 
manganese aluminium bronze around 8%. Whilst the swing 
from high tensile brass to nickel aluminium bronze is eviden® 
from the figure, we also see that the manganese aluminium 
brozen propellers have generally fluctuated between some 5 and 
15% of the total propellers classed over the period. The title 
“Other Materials”, shown in Figure 3, includes the stainless 
steels, the once popular cast iron which was used for spare 
propellers, the relatively few applications of high damping 
alloys and polymers; in the main, however, this material classi- 
fication relates principally to the stainless steels. From the figure 
we see that these materials gained a comparatively popular 
usage in the period from the mid sixties through to the mid 
seventies, but have then progressively lost favour to the copper 
based materials to a point where today they account for some 
3% of the materials used for propeller manufacture. 

Until the early 1980's propeller blade design in the commer- 
cial sector was conservative in terms of the amount of skew that 
was used in design; as such, skews exceeding 20 to 25 degrees 
were rarely encountered. However, following the successful use 
of highly skewed propellers to suppress the various unwelcome 
effects of cavitation in certain naval applications, the use of 
increased skew started to make its appearance in the commercial 
sector largely to control the hull surface pressures; although in 
the early years much attention was paid to bearing force reduc- 
tion. As more knowledge was gained about the use of skew as a 
design parameter this gave the designer an ability to offset the 
less favourable effects of adverse wake fields and in some cases 
allowed the use of larger diameter propellers in order to gain an 
improved propeller efficiency contribution. Table 2 shows that 
whilst in the years 1980 to 1984 only 1% of all of the propellers 
classed by Lloyd’s Register could be considered as being of a 
highly skewed design; from 1985 onwards, this figure had risen 
to around 15%. Furthermore, in this latter period, the number 
of fixed pitch propellers possessing high skew outnumbered the 
controllable pitch propellers by some 40% which, in general 
terms, is in accord with the relative proportion of controllable 
pitch to fixed pitch propellers shown in Figure 1. With regard to 
the type of skew that predominates, we notice that by far the 
greater majority of propellers use the balanced type of skew 
rather than the biased form. 


TABLE 2 


COMPARATIVE NUMBERS 
PROPELLERS CLASSED BY LR 


ae Bees. 
15% 


Compared to Total 

Propellers are in general a very reliable machinery com- 
ponent. Failure statistics from Lloyd’s Register’s records show 
that for fixed pitch and controllable pitch propellers the current 
average incidence of defects is about 0.045 and 0.088 defects 
recorded per year per unit respectively. These figures include all 
defects recorded by our surveyors worldwide and embrace, in 
addition to the comparatively rare fatigue failures, all the 
mechanical blade damage that has been incurred; for example, 
when the vessel has fouled mooring ropes or chains. 

Table 3 details the relative proportions of the various defects 
located on fixed pitch propellers during the period 1985 to the 
present time. The table divides the defects into the three horse- 
power ranges used in Figure 2 and from this one can see, perhaps 
not unexpectedly, that the major source of defects, accounting 
for some 90% of the total, are to be found on the blades. Again 
blade defects in this sense embraces not only the infrequent 
complete blade failures by fatigue action, amounting to no more 
than one or two percent, but all other types of damage reported 
by LR’s worldwide network of surveyors such as that relating to 
cavitation erosion, corrosion and blade edge damage due to 


OF HIGHLY SKEWED 


No of Propellers 


Other 5% 


Ni-AIl bronze 
= 19% 


HT brass 

64% 

Mn-Al bronze 
12% 
HT brass 49% 
1960-64 
Other 16% 

HT brass 

41% 


Mn-Al bronze 8% 
1970-74 1975-79 


Other 7% 


HT brass 7% Other 3% 
HT brass 12% : 


Mn-Al 
Bronze [ 
9% 


NEAI 
bronze 
82% 


1980-84 1985-88 


Fig. 3 Material of Propellers Built to LR Class Period 
1960-1988 


contact with chains, ropes, and so on. The remaining propeller 
defect locations are classified from the surveyor’s reports into 
boss, cone, and other un-specified defects and these are seen to 
account for relatively minor proportions of the total defects 
observed. 
TABLE 3 


FIXED PITCH PROPELLER DEFECTS 1985-1988 


LOCATION 1985-1988 
OF DEFECT 


HP RANGE 


Fira | 2,000-4,999 5,000-9,999 | Above 10,000 
a 
4.4 
1 


a 
ipa ees err 

TABLE 4 : 

CONTROLLABLE PITCH PROPELLER DEFECTS 1985-1988 


Other 
(Not Spec) 


Total 


LOCATION 
OF DEFECT 


1985-1988 


HP RANGE 


coer el 2,000-4,999 | 5,000-9,999 


Above 10,000 


Activating 
Machinery 


Table 4 shows the corresponding scenario for controllable 
pitch propellers over the same period of time. Again defects to 
the blades and their flanges, as defined for the fixed pitch 
propellers, account for the major proportion of the defects. 
Next in frequency, is the activating machinery which in general 
accounts for between 10 and 15% of the defects noted by the 
surveyors. 

In terms of the changes of these defect scenarios over the 
period under review, Table 5 shows how the overall defect 
incidence in terms of defects recorder per year per unit has 
changed for the middle power band defined earlier. 


TABLE5 
CHANGE IN THE PROPELLER DEFECT INCIDENCE WITH 


TIME 

SHIP TYPE 1965 | 1970 | 1975 | 1980 | 1985 
ow oS 84 | —89 
0.044 | 0.067 | 0.666 on Ore 


Fixed Pitch 
Propellers 


1960 
—64 


eo 


From this Table it can be seen that the values, although small, 
showed an initial rise in magnitude from the early 1960's 


followed over the last ten years or so by a steady fall in incidence ) 


of defects recorded. The controllable pitch propeller, fairly 
predictably due to its increased complexity, shows an incidence 
of defects over the fixed pitch propeller which is of the order of 
two for this power range. 


af PROPELLER SERVICE EXPERIENCE 


The problems associated with propeller technology which 
Lloyd’s Register is asked to consider on a regular basis by the 
shipping community embrace all of the traditional areas of the 
subject such as performance, cavitation, strength, metallurgy 
and manufacture, damage repair and blade vibration. As a 
consequence it is difficult in a paper, if it is to be of manageable 
proportions, to catalogue all of the knowledge and experience 
gained in the subject. In this paper, therefore, it is proposed to 
highlight certain areas which are of particular or topical interest 
at this time and to attempt to distil the results of several related 
studies and investigations into a set of short synopses of the 
various problems, the answers derived and thence to highlight 
areas where further research is required. This latter aspect is 
particularly important where the open literature on the topic is 
sparse and this, to some extent, has guided the choice of subject 
matter for discussion. 
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Fig. 4 Fatigue Assessment 
of Propellers 


Propeller Strength Analysis 


The fatigue failure of the whole or part of the propeller blade 
is fortunately a comparatively rare occurrence. For convention 
al propellers, that is propellers without a significant skew, the 
cantilever beam method of stress analysis has generally shown 
itself to be a reliable criteria of stress when used in association 
with either a modified Goodman or Soderberg approach for 
fatigue analysis as shown in Figure 4. The highly skewed 
propeller, however, needs particular consideration and stress 
analysis needs to be undertaken using finite element methods. 
This is because the stress distribution over the blade surface, 
which for conventional propellers has generally a maximum in 
the mid chord, root region, tends for highly skewed propellers to 
give a concentration towards the trailing edge. As such, it can 
either lie in a band of concentrated stress along the trailing edge 
or in terms of a more localised stress concentration located at 
some point on the trailing edge. Carlton [1] shows several 
examples of these stress concentrations relating to both the 
biased and balanced skew designs for propellers with 
unthickened trailing edges. 

When undertaking finite element studies the choice of element 
is critical if valid results are to be obtained from the analysis. It 
is insufficient to simply use a plate formulation for the blades; 
use needs to be made of element formulations, for example 
Atkinson [2] which is the basis of LR’s validated analysis 
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Fig. 5 Correlation of Different Finite Element 
Calculation Methods With Experiment 


method, which can readily accept all of the loadings convention- 
ally met in blade analysis problems. This point can be readily 
illustrated by considering comparative studies; for example, 
those undertaken by the ITTC [3] in which the results derived 
from finite element computations from six organisations, using 
some seven different formulations of the problem, were com- 
pared to experimental results. The propeller chosen for the 
study was a 254 mm diameter, 72 degree biased skew design 
designated Model 171, taken from Carlton [1]. The model, 
which was loaned by Stone Manganese Marine Ltd to LR in 
order to undertake the experimental tests as part of our own 
research programme, had been subjected, experimentally, to 
point loading at the 0.7 R and 50% chordal location and was 
instrumented with four sets of triple strain gages located in the 
root section of the blade on the pressure side at 0.3R. 

Figure 5 shows the results obtained from the subsequent 
ITTC exercise and the correlation that was derived with the 
experimental results from the various finite element studies 
undertaken by the contributing organisations of which LR was 
not a member. Also shown in the figure is the result of a canti- 
lever beam calculation for the same loading condition. It can be 
seen that although the general trend of the measured result tends 
to be followed by the various finite element computations, there 
is a considerable scatter in terms of the magnitudes achieved 
between the various methods employed. As a consequence, 
Figure 5 underlines the need for a proper validation of the finite 
element methods used for the analysis of highly skewed 
propellers. Such validation can only be undertaken by a 
theoretical to either model or full scale correlation exercise 
since, whilst the trends may be predicted by a non validated 
procedure, as seen by the figure, it is the actual stress magnitudes 
which are important for fatigue assessment purposes. Indeed the 
use of carefully controlled model experiments coupled with the 
results of full scale measurements, conducted both by using 
results measured from LR’s underwater telemetry procedure 
and also from others contributed by Lips BV from their own 
research programmes, have enabled Lloyd’s Register to validate 
its own finite element procedures. Furthermore, from Figure 5 it 
amply demonstrates that the cantilever beam method does not 
realistically predict the magnitudes of the loadings experienced 
in the root section of highly skewed blade. 
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Fig. 6 Model to Ship Wake 
Field Scaling 


With regard to propeller blade fatigue assessment there are 
several additional problems which have an effect on the 
accuracy of the assessment procedure. The first is that of the 
material data. Webb et. al. [4] produced results of material tests 
on copper based alloys which took account of casting size, 


material, pre-load and so on, and this data, which is perhaps the 


most comprehensive set of material property data in open ry 


literature at the present time, provides a firm basis for the fatigue 
assessment procedure. However, given that it is possible to 
derive a reasonable approximation to the material properties 
attention has then to be directed to the definition of the blade 
loading. Whilst a combination of finite element and 
hydrodynamic models of propeller action such as lifting line, 
lifting surface and vortex latice methods are capable of eval- 
uating the mean and alternating stresses, MD and are shown on 
Figure 4, these evaluations depend on the accuracy of the wake 
field data. Whilst the magnitude of the mean load is not difficult 
to predict, using a variety of methods, and is regularly under- 
taken in order to calculate the propeller pitch satisfactorily, the 
alternating stress component is more difficult. Wake field 
characteristics are generally derived from measurements of the 
velocity field on a ship model in a towing tank in the absence of 
a propeller and as such are termed the model nominal wake 
field. Such measurements may be obtained from either pitot 
rakes, hot-film anemometers or laser doppler methods, how- 
ever, notwithstanding the intrinsic accuracy of the measurement 
of the wake field at model scale, this then has to be transformed 
into an effective full-scale ship wake field, Figure 6. The effective 
wake field being that which is expected to apply in the presence 
of the propeller at either model or full scale. Advanced methods 
for undertaking this transformation, such as the V-shaped seg- 
ment or force field methods, exist; however, the validation for 
such methods on a theoretical to full scale trial basis is sparse. 
Whilst these methods appear to give an improved correlation, 
both in terms of performance and cavitation assessment, there is 
a need for further correlation exercises to be initiated on a range 
of ship types to improve the existing level of confidence in their 
use. 
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Fig. 7 Residual Stress Determination 
Methods 


The magnitude of the residual stresses which occur in the 
propeller blade are generally unknown. The magnitude and 
distribution of such stresses are intrinsically related to the 
manufacturing process and at the present time do not lend them- 
selves to calculation by advanced analytical methods in any 
realistic way. Furthermore, measurements of the general levels 
of these stresses are scarce, since by the very nature of con- 
ducting the residual stress measurement they are destructive to 
the propeller. Webb et al [4] and Carlton [1] have conducted 
measurements using respectively the chain drilling technique 
and the centre hole drilling method, Figure 7. Both methods, 
however, have disadvantages in their application and perhaps 
one of the most useful techniques for undertaking such studies 
on propellers today is by means of the air abrasion method, 
which is a variant of the centre hole method. By using an 
abrasive jet the problem of the induced stresses introduced 
during the drilling operation tends to be overcome. Results from 


the measurement studies cited above show that, at the present a) 


o 


time, a fair degree of scatter exists in the data and this is perhaps 
not too surprising. As a consequence, at the propeller design 
stage, an intuitive guess as to the magnitude of the residual stress 
R, shown on Figure 4, is all that can be made at the present time. 
However, full scale propeller stress measurements made at sea 
using the Society’s underwater telemetry method suggest that in 
some cases, where these studies have been initiated by an earlier 
propeller failure, that based on a Goodman or Soderberg 
analysis the residual stresses can be a substantial component of 
the total mean stress field. Consequently, this is a subject where 
a further research initiative would benefit the design process. 


Cavitation Erosion 


The avoidance of the harmful effects of cavitation on the 
marine propeller blade again hinges on being able to predict 
accurately the effective wake field of the vessel, since it is this 
wake field that forms the basis of the incident flow into the 
propeller and, hence, affects the distribution of loading over the 
propeller blade surfaces. 

The gross effects of cavitation caused by the lack of provision 
of sufficient blade surface area are now comparatively in- 
frequently seen since most designers can effectively predict, in 
global terms, the amount of blade surface required for a given 
propulsion application. More common, however, are the 
localised effects of cavitation due either to variations in the local 
angles of attack encountered by the propeller at some point 
during its passage around the propeller disc or, alternatively, to 
the use of too high cambers for a particular application. In the 
case of localised cavitation caused by deviations in incidence 
angles from those anticipated in design, these can frequently be 
alleviated by the traditional method of either “lifting” or ““drop- 
ping” the leading edge, Figure 8, or alternatively by reprofiling 
the leading edge in terms of its radius and blending this charge 
into the rest of the section to make the blade section more 
tolerant to the changes in angle of attack that it experiences. The 
effects of the use of too high a camber in a particular situation 
is more difficult to deal with since this frequently involves 
attempting to generate a new section profile from the existing 
section form and at the same time preserve the strength integrity 
of that particular blade section. In such a process this inevitably 
leads to the loss of some blade chord length and the consequent 
effect on blade strength. 
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Fig. 8 
Traditional L.E. Modifications to 
Alleviate Local Cavitation 
Problems 


Apart from these localised cavitation problems, localised in 
the sense of occurring to a greater or lesser extent on a region of 
the blade between the root and tip sections, the problems which 
frequently cause the greatest concern in service are those arising 
from either the cavitating blade tip vortex or alternatively, 
cavitation in the root of the blade. The former because of the 
impact this has on other aspects of ship design and the latter 
because of the difficulty in analysing the propeller hydro- 
dynamic flow in this region and the potentially adverse effect 
this type of cavitation has on the blade strength. 

The strength of the tip vortex needs to be carefully controlled 
since the collapse of this vortex can, if the correct circumstances 


prevail, give rise to excessive noise and, in some circumstances, 
high levels of vibration in the after body of the ship due to the 
pressure waves of the cavitation collapse mechanism being 
transmitted through the water and onto the hull surface. The 
control of the strength of this vortex can most realistically be 
achieved by attention to the radial distribution of blade loading 
near the tip. However, should the phenomenon of vortex bur- 
sting occur, as potentially identified by English [5] and has been 
known in aerodynamic problems for some considerable time, 
then this mechanism can be the source of significant higher 
order excitation on the hull. Furthermore, the presence of a 
strong tip vortex which impinges on the rudder has been known 
in many cases to cause significant cavitation erosion on either 
the rudder or the rudder horn; this effect has been noted on 
vessels as diverse as container ships through to small high speed 
patrol boats. Much yet needs to be learnt about the adequate 
prediction and behaviour of the tip vortex both in terms of its 
prediction from theoretical methods to that of its scaling from 
model tests. As a consequence this is again an area where the 
current research efforts being undertaken in various countries 
need to continued. 

The incidence of root cavitation and its associated erosive 
effect is due largely to the difficulty of calculating the flow regime 
in this area and such problems when encountered can be difficult 
to solve. Whilst a certain amount can be done to alleviate a root 
cavitation erosion problem by section modification, the inter- 
ference with the mechanical strength of the propeller blade in 
this region is always of concern and is, therefore, uppermost in 
determining the extent of the modification that can be conduc- 
ted. 

Notwithstanding this, the intractability of certain root cavita- 
tion problems has led designers, on occasions, to the somewhat 
desperate measure of drilling comparatively large holes in the 
blade root normal to the blade chord line, from the pressure 
surface through to the suction face of the blade, in an attempt to 
alleviate the problem. Such measures, however, are to be recom- 
mended except as a very last resort. 

Much can be done at the design stage to alleviate potential 
problems in this area by making the correct choice of hub profile 
since comparatively small changes from mildly convergent hub 
forms to a divergent hub form will have a significant effect on the 
resulting root cavitation inception properties of the blade in this 
region. Van Gunsteren and Pronk [6] outline this effect some 
sixteen or so years ago but it Is one that is often, in the Author's 
experience, found to be ignored today and is the source of many 
root cavitation problems. 

An effective treatment of root cavitation problems can often 
be achieved by means of injecting air into the root sections of 
the propeller blade at a station just immediately ahead of the 
propeller. Figure 9 illustrates, in generalised terms, how the 
effect of air content in the water influences the cavitation erosion 
rate. The form of the curve can be explained on the basis that 
when no dissolved air is present in the water or boundary 
crevices the tensile strength of the fluid is very great and, 
therefore, inhibits the inception of cavitation. However, as air is 
introduced this provides a basis for nuclei to form which in turn 
will lead to greater levels of cavitation being experienced until an 
air content is reached in which further nuclei seeding does not 
materially increase the cavitation development. Beyond this 
point, which lies somewhere in the range 0.1 < ak < 0.8, if the 
amount of air introduced into the system is increased, then the 
presence of this excess air will essentially have a cushioning 
effect on the isentropic collapse of the cavitation bubbles which 
would otherwise lead to the erosion mechanism, both through 
the formation of pressure waves during the rapid bubble 
collapse and microjets from the collapsing bubbles directed at 
the blade surface. If the air content is increased significantly 
beyond saturation as shown in Figure 9, then the erosion rate 
has been observed by various experimenters to reduce sig- 
nificantly. In the context of cavitation erosion in the propeller 
blade root, the Author has used this technique with considerable 


effect on a number of high speed vessels. However, care needs to 
be exercised, particularly with the smaller propellers, in 
choosing the amount of air for the particular application in 
order to prevent a fall-off in thrust performance, of the propeller 
by effectively reducing the density of the fluid. 

Notwithstanding this, by the correct choice of air mass flow a 
significant erosion problem, for example of the order of 4-5 mm 
incurred over a period of some twelve hours, has been reduced 
to zero over a similar trial period by deploying the air injection 
technique. Figure 10 demonstrates this by showing two 
photographs, one showing the erosion incurred on a propeller 
prior to air injection and the other subsequent to the application 
of air injection on a second propeller manufactured to the same 
design. 
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Fig. 9 Effect of Air Content on 
Cavitation Erosion Rate 


Blade Tolerances 


The question of blade tolerances is one that is frequently 
overlooked by both designers and owners. It is, nevertheless, an 
exceptionally important topic and one which needs very careful 
consideration at the design stage since it is only through the 
correct choice of tolerance that the design concept can be inter- 
preted into a physical reality. It has been the Author's 
experience that many cavitation and indeed power absorption 
problems have been caused by the incorrect specification, or in 
many cases lack of specification, of the appropriate ISO or other 
manufacturing tolerance. Although the leading propeller 
manufacturers and some ship owners recognise the appropriate- 
ness of an ISO Class | tolerance for large propellers in general 
merchant practice this is often not the case for the smaller and 
more high speed propellers. In many applications these 
propellers, which frequently work under particularly onerous 
cavitation conditions, are manufactured without a tolerance 
specification which then leads to a series of unnecessary cavita- 
tion and performance problems which would not have other- 
wise occurred. It is certain that many relatively small vessels, 
both commercial and high speed, need tolerances of the order of 
Class | or indeed Class S in order to perform satisfactorily at the 
powering and cavitation conditions in which the propeller is 
expected to operate. 


Blade Bending Damage 


The effects of cavitation can cause the phenomenon of trailing 
edge curl and the mechanism by which this occurs is well known 
and requires little further discussion here. The other types of 
propeller blade bending damage are largely due to mechanical 
impact; for example, with chains or ropes when these become 
entangled with the propeller, usually during berthing or docking 
manoeuvres. Ice contact also causes damage which can lead to 
significant deformation of the propeller blades. In many cases, 
however, both of these types of damage can, if considered 
appropriate by the surveyors, be repaired by conventional 
means using approved procedures and properly qualified per- 
sonnel. 


A further type of bending damage which has occasionally 
occurred in recent years has been found on some highly skewed 
propellers after undergoing astern manoeuvres. Fixed pitch, 
highly skewed propellers when undergoing these manoeuvres 
can be subjected to comparatively high levels of surface stresses 
on the blades and these do not, in general, occur in the con- 
ventional high stressed regions of the highly skewed blade. Con- 
ventional propeller stress analysis normally considers the 
absorption of maximum power in the ahead or bollard con- 
dition and yields a set of stress contours on the blade face of the 
type as seen in Figure 11 (a). In the case of a postulated crash 
stop condition the blade stress pattern changes to a form shown 
by Figure 11 (b). In order to analyse the astern strength of a 
propeller under a crash astern manoeuvre it is necessary to 
assume a hydrodynamic model which will represent this con- 
dition. For these purposes a model frequently considered is that 
of maximum astern rotation in association with zero advance 
speed. However, this model, although being plausible in itself, 
leads to certain propeller calculation problems since the flow is 
being effectively reversed over the sections and furthermore, the 
model could well benefit from validation by either model or full 
scale experimentation. Nevertheless, Figure 11 underlines the 
importance of attempting to consider this aspect of the strength 
problem for highly skewed propellers so as to ensure sufficient 
strength in the outer part of the blades is maintained. 
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Fig. 11 Changes in Propeller Stress Contours Between 
Ahead and Astern Operation 


Propeller Singing 

Propeller blade singing is today a well known phenomenon 
and the methods of correcting this condition are well known for 
conventional propellers. In general, for the relatively few cases 
of singing encountered by the Author each year, either the 
method outlined by van Lammeren [7] or a minor variation of 
this method, if the propeller section design so dictates, has been 
shown to be adequate for the majority of conventional 
propellers. This method essentially reaches to the solution of the 
following set of equations 


x = [20 + {5(D-2)}] | mm 
max 30 


y = 0.1xX mm 
where D = diameter (m) 


whose coefficients are defined in Figure 12 so as to define a 
trailing edge with sharp corners and knuckles at the points a, b, 
and c. 

In the case of the highly skewed propeller, however, some 
problems have been found to arise in the application of this 
method. For non-skewed propellers it is conventional to apply 
the anti-singing edge around the trailing edge as shown by 
Figure 12 between the geometric tip and approximately 40% of 
the radius. However, in certain highly skewed propeller cases the 


Author has found that this practice is insufficient to cure the 
singing condition and the anti-singing edge requires to be con- 
tinued beyond the geometric tip, as defined by the mid chord line 
of the blade, and onto the leading edge. Clearly, such an exten- 
sion of the anti singing edge needs to be undertaken carefully so 
as not to incur any harmful cavitation effects at the blade tip. It 
has been found in these cases that it is necessary to extend the 
anti singing edge by between 5 and 30 cm around the leading 
edge in order to effectively cure the singing problem which had 
still persisted when the anti singing edge had been applied only 
to the blade tip as conventionally defined above. Where this 
extension has been found necessary, no adverse cavitation 
erosion effects have been observed on the propeller after a 
period back in service. 
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a) Traditional Blade b) Highly Skewed Design 


Fig. 12 Anti-Singing Edge Design 


Ship Service Analysis 

Today many owners have become aware of the importance of 
keeping the propeller surfaces in good condition so as to 
maximise, as far as is possible, the performance of the propeller 
during its service life. Indeed it is found in practice that whilst 
some propellers roughen during service and, therefore, need 
corrective action others tend to polish their surfaces and obtain 
a generally finer finish during their service life. Notwithstanding 
these differences which relate largely to the duty of the vessel and 
the waters in which they predominantly serve, the care of the 
propeller is only one part of the service performance problem. 
The monitoring of the whole ship in terms of hull, propeller, and 
machinery performance during its service life is a necessary 
prerequisite to keep operational costs minimised and the impor- 
tance of this total monitoring concept cannot be over 
emphasised. 

Whilst some owners are using relatively advanced methods of 
performance monitoring many still use a form of service 
analysis which is effectively a plotting of Admiralty co-efficient 
versus time as shown in Figure 13a. From this figure it is readily 
apparent that for the vessel in question, which is 140,000 tonne 
DWT bulk carrier in the loaded condition, there is a consider- 
able scatter of the data points being returned from the vessel. As 
such little of value can be determined about the overall perfor- 
mance of the ship from the diagram. These methods can be 
improved to some extent by plotting Admiralty co-efficient 
against apparent slip which generally leads to a convergence of 
the data as seen in Figure 13b and this convergence tends to 
invite one to draw a trend line through the data points in order 
to act as a criteria of performance for the vessel. However, all 
forms of Admiralty co-efficient based analysis, by their very 
nature, effectively fail to distinguish between the hydrodynamic 
and machinery performance components. 

Ship service analysis, from the technical viewpoint, within the 
commercial operation has two main objectives; these are the 
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b) Admiralty Coefficient Versus Apparent Slip 


Fig. 13 Common Ship Service Analysis Procedures in use by 
the Shipping Community 


analysis of the data returned from the vessel to establish trends 
in both hull and machinery performance from which main- 
tenance decisions can be made and secondly, to analyse the data 
so as to establish a standard of performance for the vessel for 
chartering and operational purposes which embraces the power- 
ing parameters in relation to weather, draught, trim, etc. Figure 
14 illustrates this concept and as such this procedure which 
addresses the technical aspect of the ship operation problem can 
readily be incorporated into larger computer based ship 
management capabilities. Over the last few years Lloyd’s Regis- 
ter, both as part of its on-going research programme and also 
through its service to the ship owning community, has 
developed both general surveillance techniques and specific 
diagnostic tools which enable the hull and machinery perfor- 
mance to be separated out by means of a hydrostatistical 
analysis and the reasons for the deviations in performance 
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trends to be analysed in detail. The basic algorithm for this 
procedure is shown in the Figure 15. Algorithms of this type 
enable the data which is returned, either by means of the ship log 
abstracts or transmitted in terms of a data stream via satellite 
communication from the vessel, to be considered as a function 
of several time series for general surveillance purposes. From 
such series it becomes possible to observe the trends in the data 
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Fig. 15 Ship Service Analysis Algorithm 


and to depict not only ‘real’ deterioration in performance and 
quantify this in cost penalty terms for the owner as seen in 
Figure 16, but also to detect instrumentation errors, reference 
(8]. The advantage of such methods when coupled with either 
advanced propeller or machinery simulation capabilities, as in 
the case of the analysis capability developed within LR, is to 
facilitate the exploration for the reasons for departures from 
performance which are not immediately apparent from the 
general observation of the more common parameters such as 
exhaust temperatures, turbocharger pressures, fuel con- 
sumption and so on. The importance to ship owners of using 
advanced ship performance monitoring techniques has been 
clearly demonstrated in a number of cases; for example, in one 
case an expensive set of cylinder liner repairs could have been 
avoided whilst in another, the shipowner found that over a 
period of time a saving of some 5% of the fleet fuel bill could be 
realised which had hitherto not been possible by using the more 
traditional performance analysis techniques. 
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4. CONCLUDING REMARKS 


This paper has explored the area of propeller service 
experience in two ways. First by use of Lloyd’s Register’s data 
bases in order to review trends in design and failure statistics 
since 1960 and secondly, by drawing on the experience of LR’s 
consultancy and investigation activities for the shipping com- 
munity. 

With regard to the trends in design it is clear that the controll- 
able pitch propeller has gained and is sustaining a significant 
share of the market. This particularly applies to the ferry, tug, 
offshore and fishing vessel sectors and that while the controll- 
able pitch propellers tend to be used proportionally more for 
shaft powers under 10,000 BHP, there is a steadily increasing 
demand for their use above this power range. 

Nickel-aluminium bronze is now the predominant material 
for manufacture and this position has been steadily established 
over the last 25 years or so. Furthermore, the use of highly 
skewed propellers has now reached a level of around 15% of all 
the propellers classed with Lloyd’s Register. 


& The failure statistics show that both fixed and controllable 


pitch propellers tend in general to be reliable engineering com- 
ponents, however, controllable pitch propellers suffer a defect 
rate of about twice that of their fixed pitch counterparts. In 
recent years the incidence of defects reported tend to show a 
steady decline. 

With regard to the conclusions drawn from Lloyd’s Register’s 
consultancy and investigation activities and the implications 
these have for research, they can be summarised as follows: 
(a) Finite element procedures for the calculation of propeller 
blade stresses need to be validated if the erroneous prediction of 
propeller blade stress magnitudes is to be avoided. 

(b) There is a need for a further research effort directed 
towards the validation of transformation procedures for wake 
field scaling from model nominal to ship effective wake for a 
wider range of ship types. 

(c) The basis for the estimation of the magnitudes of residual 
stresses present in the propeller material, due to the manufactur- 
ing process, need attention because at the present time the 
limited experimental data available shows considerable scatter. 
Consequently, fatigue estimates have to a large extent, at the 
present time, to be based on intuitive judgement. 

(d) The full scale prediction of the effects of the tip vortex 
from theoretical analysis and model tests requires the benefit of 
further investigations. 

(e) The air injection technique is an effective means, in some 
cases, of controlling the harmful effects of blade root cavitation. 
The use of other means involving section modification or the 
correct choice of hub profile is, however, clearly preferable, if at 
all possible, given the circumstances applicable to the particular 
design problem. 

(f) | Highly skewed fixed pitch propellers should be given the 
benefit of an astern strength estimate. However, at the present 
time the methods for undertaking this type of analysis are in 
need for both refinement and validation. 

(g) When ‘singing’ is encountered on a highly skewed 
propeller it may be necessary to carry the anti-singing edge 
around from the blade geometric tip and on to the leading edge 
fora short distance in order to cure the problem. Care, however, 
needs to be exercised so as not to induce an unwanted cavitation 
problem. 

(h) If the maximum commercial benefit is to be derived from 
a ship service analysis procedure, then the hull-propeller- 
machinery combination needs to be considered as a whole. Such 
analysis procedures need to embrace both a continuous sur- 
veillance procedure together with a capability for the diagnosis 
of deviations from normal. These diagnostic capabilities need 
both a heuristic and an advanced analytical component if the 
proper advance warning of an impending failure is to be 
achieved. 
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gap between the bunches on the left hand side differed from 
the gap size on the right hand side. This along with other config- 
urations used during the tests is shown in Figure 4 
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Figure 4 
Plan View of Cable Arrangement on Vertical Rack for 
Phase One Tests Showing Bunch Spaces 


5.1.3 Volume of Combustible Material 


Three core 2.5mm? ethylene propylene rubber insulated 
chlorosulphonated polyethylene sheathed (EPR/CSP) cable 
was selected for these tests. To prov ide the combustible mate- 
rial necessary 21 lengths of cable were required for each test. 

As testing proceeded it became necessary to explore the 
effects of increased bunch size on cable fire propagation. To 
this end test 7, departed from the category C requirements and 
category B was adopted which demanded 48 lengths of cable. 

In addition, examining the effects of larger numbers of 
bunches spaced closely together meant departing completely 
from the IEC criteria with the volumes chosen for tests 10, 11 
and 12 being dictated by geometrical arrangements. 


5.1.4 Test Results 


he results of the phase | tests are shown in Table II. 

During the tests, it was found that minor alterations to the 
geometrical layout could produce major changes in the fire 
propagation performance. In particular, test 3 can be consid- 
ered to be a dramatic failure in that the cables burnt to the top 
of the ladder and the test had to be terminated after 10 minutes 
(see Figure 5). 


Figure 5 
Phase One - Test 3 with Flame at 3.5 metres after 10 minutes 


With reference to bunch size, these tests show that larger 
bunches of cable are less likely to propagate fire. For smaller 
bunches larger spacings are required to prevent fire propaga- 
tion. 

Figure 6 shows the graphs of bunch size and number versus 
gap separation for the phase | tests. As can be seen distinct 
areas of pass and fail exist for the various geometrical config- 
urations tested. 


Result 
Test Number Cable Geometry Pass/Fail 
21 cables mounted Pass 
as one layer touching 


Seven bunches of three 
cables spaced 1 and 
0.5cm apart 


Seven bunches of three 
cables spaced 1.5 and 
2.5cm apart 


Three bunches of seven 
cables spaced 3cm apart 


Two bunches, one of ten 
cables and one of eleven 
cables spaced 4cm apart 


Three bunches of seven 
cables spaced 8cm apart 


Three bunches of sixteen 
cables spaced 4cm apart 


Four bunches of five 
cables spaced 6cm apart 


Seven bunches of three 
cables spaced 4cm apart 


Char or 


Flame length Test time 


Max. Mid Rack 
Temp @C) 

20 mins 2 

12 mins after burn 

Cables doused 821 

after 20 mins 


Char 1.5m Front 
1.25m Back 


Flames to 


top of Rig 


Cables doused 
after 10 mins 


Flames to 
top of Rig 


Flames to 
top of Rig 


Char 1.1m 
Char 1.5m 


Char 1.25m Front 
1.50m Rear 


20 mins 
Cables doused after 
10 mins after burn 


20 mins 
20 mins 
after burn 


20 mins 
12 mins 
after burn 


40 mins 
35 mins 
after burn 
Char 1.25m 20 mins 
3.5 mins 
after burn 


26 
48 
78 
75 
19 
36 
30 


7 
8 
2 
2 
3 
7 


Cables doused 
after 12.5 mins 


Flames to 
top of Rig 


Five bunches of eight 
cables spaced 4cm apart 


Cables doused 
after 22 mins 


Flames to 
top of Rig 


Five bunches of four 
cables spaced 5cm apart 


Cables doused 
after 17 mins 


Flames to 
top of Rig 


Four bunches of ten 
cables spaced 4cm apart 


Cables doused 
after 35 mins 


Flames to 
top of Rig 


Tests conducted in accordance with IEC 332 Part 3 Category C Burner Application time 20 mins except tests 7, 10 and 12 — Category 


B Burner Application time 40 mins. 


Tests 10 and 12 conducted with 83% of combustible material requirements for IEC 332 Part 3 Category B. 


Table II 


5.1.5 Temperature Profiles During Tests: 


During each test, thermocouples were fitted within the test 
chamber to monitor temperature at various positions as indi- 
cated in Figure 7. 

The graph of maximum mid rack temperature versus the 
number of cables is shown in figure 8 with the temperature 
profiles for each test shown in appendix 1. 

As can be seen from the results, the mid rack position 
temperature of successful tests did not exceed 375°C and 
once attained, its maximum remained stable at around that 
level until the burner was extinguished where upon the 
temperature tailed off as expected. 

When the profiles for failed tests are examined it is noted 
that the mid rack temperature continues to rise from the 
start to the time when the test had to be halted. The maxi- 
mum mid rack temperatures for the tests which passed were 
exceeded and final temperatures in excess of 600°C were 
recorded. 


5.2 Phase 2 Tests: 


5.2.1 Test Criteria: 


To examine the effects of differing cable materials and types 
further tests were conducted at Queen Mary College, Fire and 
Materials Laboratory London. The test methods used would 
repeat tests 1,3 and 12 of Phase 1, but using the following cable 
types supplied by members of the British Cable Makers 
Confederation (BCMC) 


1. Three core, 2.5mm? EPR/CSP unarmoured, similar 

construction to the cable used in Phase | tests but from a 

different manufacturer. 

Three core 2.5mm? EPR/CSP steel wire braided with a 

CSP outer sheath. 

3. Single core 10mm2, EPR/CSP, unarmoured. 

4. Three core 2.5mm2, Polyvinylchloride (PVC) insulated, 
PVC sheathed (PVC/PVC) unarmoured. 


tN 


5. Three core 2.5mm2, PVC/PVC steel wire armoured with 
PVC outer sheath. 

6. Three core 2.5mm2, EPR insulated, Ethyl vinyl Acetate 
sheathed (EPR/EVA) unarmoured. 
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Figure 6 
Phase One LR Test Results for 3 Core 2,5mm 
EPR/CSP cable 


5.2.2 Test Results 


The results of the phase 2 tests are shown in Table III. 


5.2.3 Additional Horizontal Cable Tests 


Two additional tests were conducted with the cable rack in the 
horizontal position, located in a tunnel and using the same 
burner as in the previous tests. 

The first test used the cable geometry of phase 1 test 1 and 
the second test the geometry of phase | test 4. 

In each case the test time was 20 minutes and the extent of 
char did not exceed 85cm. 


No 1 


No 1 - Flue 

No 2 - Rear top 

No 3 - Top tront touching 
No 4 - Middle front touching 
No 5 - Rear middle touching 
No 6 - Chamber ambient 
No 7 Bottom rear 

No 8 - Flame 


Figure 7 
Position of Thermocouples 


5.3 Observations Made During the Tests: 


The following observations were made during the course of the 
test programme: 


iE 


i) 


Small gaps, including those which initially existed 
between cables intended to be touching, tended to be 
filled in when the cables swelled upon heating. This clos- 
ing of the gaps tended to hamper flames which would 
otherwise spread. 

As gap size between bunches increased above say 6cm then 
the flames from a burning bunch tended not to play onto 
adjacent bunches. 

On all the vertical tests the flame spread was observed to 
be upwards, constrained to be within the dimensions of 
the rack and seen to cling to individual bunches. As the 
test proceeded and the flames rose up the rack they were 
seen to be concentrated mainly in the middle of the cable 
arrangement, thus forming a triangular shape. 

Towards the end of the test, and on the majority of failed 
tests, a marked discontinuity in the flamespread between 
flames existing at the bottom of the rack and those at the 
mid rack position was observed. On the tests which passed, 
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generally the flames remained continuous and concentrated 
within the lower portion of the rack. 

On the Horizontal Tests, no distinct flamespread direction 
was observed. Flames were seen to be constrained within the 
dimensions of the rack and limited to the area of the burner. 
On the tests which allowed natural extinction of the flames, 
the flames were seen to be highly unstable following extinc- 
tion of the burner. Flames were seen to leap about the cable 
arrangement in a random fashion, finally leading to a sput- 
tering type extinction. 

Examination of the char, following completion of the test, 
showed in all cases a wide band extending to the full width 
of the rack in the area of the burner. Moving up the rack the 
char was seen to be concentrated into the centre bunches of 
the arrangement. 


5.4 Conclusions from the Tests 


The results of the LR Fire Tests leads to the main conclusion 
that the use of cables which have met the requirements of IEC 
332 Part 3 does not guarantee that the cables will not propagate 
fire when the installation geometry is changed from that orig- 
inally tested. 
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Figure 8 
Phase 1 LR Test Results Mid Rack Temperatures 


THE ELEMENTS OF COMBUSTION 


Combustion is a series of chemical reactions which involve the 
physical change of state of matter and the emission of energy 
in the form of heat and light. 


The elements of combustion are commonly illustrated in the 


triangle of figure 99 where it can be seen that the following 
components are required: 


Heat for continuous ignition, 
Oxygen to sustain fire, and 
A combustible material or fuel. 


Combustion will be sustained for as long as these three 
components are present, removal of one leads to collapse of 
the triangle and combustion ceases. Accordingly the fire 
behaviour of any fuel is not solely dependent upon the materials 
properties but also upon the combustion environment. 

When applying this simple model to cable combustion some 
limitations can be applied to each of these components: 


6.1 Amount of Heat: 


For the cable installation to be consistent with the compartment 
structure around it, it is obvious that measures to prevent fire 
propagation in cable installations need only be compatible with 
the time/temperature limitations imposed on the structure by 
Rule requirements. 

SOLAS Chapter II-2, Regulation 3 specifies a standard fire 
test detailing temperature withstand limitations for the 
integrity of bulkheads and decks under fire conditions. The 
graph of temperature against time for the test is reproduced in 
Figure 10. 

Also included on Figure 10 are more onerous time/temper- 
ature limitations detailed in the Norwegian Petroleum 
Directorate’s regulations!? for hydrocarbon fire protection 
used in the offshore industry. 


6.2 Combustible Material: 


In terms of fire propagation it is impossible to set a standard 
limitation since the material and its extent will depend upon 
the selected cables and the electrical installation system design 
which will vary from installation to installation. 


6.3 Quantity of Oxygen: 


The amount of oxygen required to sustain combustion is deter- 
mined by the chemical reactions involved in the combination 
of the heat and the combustible material. 

To quantify the amount of oxygen required to combust a 
given material a factor called the limiting or critical oxygen 
index has been devised. This factor defines the percentage 
amount of oxygen necessary within the atmosphere surround- 
ing the material to just support a flame. 

The practical importance of this factor is clear in that mate- 
rials which possess an oxygen index greater than 21% will not 
burn readily in air as they will require a greater amount of 
oxygen than that which occurs naturally. 


Figure 9 
The Triangle of Combustion 
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Figure 10 
Time/Temperature Limitations for Structure Withstand 


To meet the flame retardancy criteria required by the 
IEC 332-1 tests the cables sheathing materials will possess an 
oxygen index above 21% and to guarantee effective fire prop- 
agation protection in the practical environment it is necessary 
toensure that the material maintains this property at all temper- 
atures up to the maximum encountered in the fire situation. 


7. THE COMBUSTION PROCESS 


7.1 Polymer Combustion: 


Polymers combust in a sequence starting with the solid polymer 
being heated and ending with gases being burnt. A simplified 
schematic representation of the phenomena is shown in 
Figure 11!!. 

The flaming combustion of polymers can be compared 
physically to that of a burning candle and the maintenance or 
quenching of the combustion will depend upon the amount of 
heat involved and the atmosphere surrounding the sample. 
The total amount of heat involved in the process is the sum of 
that applied externally by the ignition source and that fedback 
from the flames. 


Non-combustible gases 


Pyrolysis 
Plastic Oo a Combustible gases ———_*> 
“Qi ee. oe 
(Endothermic) Liquid products 


Solid charred residue 


Definitions : 
Pyrolysis 
Endothermic - Acceptance of heat provided from outside. 


Exothermic 


= ie 


Gas mixture Combustion 
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ignites +Qe2 products 


(Exothermic) 


| Ss ee ee Scie 


Thermal feedback 


- Breakdown of a substance under the action of heat. 


- Release of heat contained within. 


Figure 11 
Schematic Representation of the Combustion Process of Plastics 


As the heat is applied the material starts to decompose, 
forming liquids and volatile gases. These gases are subse- 
quently burnt above the materials surface, heat is liberated 
and the final combustion products formed. 

Under steady state burning conditions some heat is trans- 
ferred back to the polymer causing further reactions and the 
production of additional volatile gases to sustain the process. 

Smouldering or non flaming combustion can occur in poly- 
mers if the conditions to sustain flames are disrupted, for 
example if the gaseous mixture is lean or the ignition source is 
of low intensity. To sustain this form of combustion the ignition 
source must be of prolonged duration and the resulting char 
have a high surface area to ensure that propagation is suffi- 
ciently rapid to overcome heat losses. Finally the materials are 
required to be porous to allow adequate access to the oxygen. 

With either form of combustion heat is released which initi- 
ates further breakdown of the polymer. If the material’s 
constitution and atmospheric conditions permit this heat may 
be sufficient to sustain combustion without the need for an 
additional heat source. 


7.2 The Nature of Flame: 


Physically flames form the transition region between burnt 
and unburnt gases. Chemically they may be thought of as a 
chain reaction having the ability to spread through an atmo- 
sphere, emitting heat and light. The chain reaction occurs 
when special high energy particles called free radicals move 
from the gas layer adjacent to the heat source into the next 
gas layer; somewhat akin to runners in a relay race. 

Flame structures and the associated chemical reactions 
differ in detail depending upon the material providing the fuel, 
however the chemistry of the flames of hydrocarbons and 
other organic compounds in oxygen are in the main remark- 
ably similar involving largely the same chain producing 
radicals. Accordingly flames above different burning organic 
polymers do not differ greatly, chemically, from one polymer 
to another. 

The oxygen from the surrounding atmosphere is usually 
completely consumed in the flame zone forcing the volatile 
combustible material to travel far to seek oxygen with the 
resulting effect of a long flame. For the steady state mainte- 
nance of the burning process the rate of generation of fuel as 
the material decomposes must be in equilibrium with the fuel 
burnt. Acceleration or deceleration of either process will lead 
to imbalance and eventually to collapse or blow off of the 
flame. 


7.3 The Effects of the Atmosphere: 


7.3.1 Oxygen Index Test 


The method to determine a materials Oxygen Index Value has 
been developed into standard tests such as ASTM D2863, 
BS2782 Part 1, method 141!2 and ISO 4589. 

The test sample is held vertically in a tube, ignited and burnt 
in a precisely controlled atmosphere of oxygen and inert gas, 
usually nitrogen. The gas flow rate is maintained at 40 mm per 
second and the test is conducted at room temperature. The 
oxygen concentration is varied to a point where a specified 
flame will just burn for a set time or consume a set amount of 
the sample. The oxygen concentration to achieve these limits 
expressed as a percentage of the total atmosphere is the Oxygen 
Index (OI) Value. 


7.3.2 OI Variation with Temperature 


If the standard Oxygen Index Test is repeated at elevated 
temperatures a marked reduction in the initial value is 
obtained.!3 Figure 12 shows the OI variation with temperature 
for various compositions of polychloroprene. Similar results 
have been obtained from tests on a range of polymers which 
have been mathematically analysed to show that few organic 
materials will possess an OI greater than 21% when heated 
above 400°C.!4 

To quantify the variation with temperature of a materials 
property the concept of a Temperature Index (TI) has been 
developed, which in this case is defined as the temperature at 
which the OI] reduces to 21% !5. The practical significance of the 
TI to cable combustion is that it provides an indication of the 
materials ability to retain its fire retarding properties in defining 
the temperature at which the material will just support combus- 
tion in air. For good flame retarding properties both OI and TI 
are required to be high and in specifying cable sheathing mate- 
rials it is not uncommon to define limitations for both indices, 
Naval Engineering Standard 518!° for British military ships 
require a minimum OI of 29% and a minimum TI of 250°C. 


7.3.3 OI Variation with Gas Flow 


Studies to determine the effects of changing the oxygen/ nitro- 
gen flow rate on the OI value show that no significant variation 
occurs if the rate is kept within the range 30-120mm/sec.!” 
Below this range volatile combustion gases tend to build up 
in the immediate vicinity of the flame, whilst increasing the flow 


rate makes oxygen more readily available to the flame. In prac- 
tice it is not unreasonable to assume that these effects could be 
created either in still air compartments or by natural 
updraughts. Both effects suggest a reduction in the OI value as 
the material is easier to burn. 
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Oxygen Index Variation with Temperature for Various 
Compositions of Polychloroprene 


7.3.4 Chemical Effects 


Chemical studies of the oxygen concentrations around the 
burning surface of polymers reveal that significant amounts of 
oxygen consumed during the combustion are utilised to break- 
down the surface layer forming more fuel to sustain the process. 
Consideration of the heat fluxes present in the system for the 
fuel generation process would appear to confirm the overriding 
importance of this factor for maintaining thermal equilibrium. 
See Table IV.!7 

Increasing the oxygen concentration increases the amount 
of surface decomposition products created but has no effect on 
the oxygen in the flame. 

Keeping the oxygen concentration constant and varying the 
polymer supply to the flame causes an increase in the burning 
area along with an increase in the overflow rate of molten poly- 
mer. During these tests the burning rate and surface 
temperatures remained constant. 

From these studies it can be seen that the presence of oxygen 
will not only permit combustion to occur but it also greatly 
assists the creation of additional fuel to sustain the process. 
Accordingly additional measures need to be taken if the 
combustion process is to be limited. 


7.4 The Inhibition of Polymer Combustion: 


To decrease the overall rate of combustion of a polymer it is 
possible to chemically alter the base material during manufac- 
ture by introducing additives which affect the various stages of 
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the burning process. Halogen elements such as fluorine 
bromine and chlorine are introduced, the most common for 
cable sheathing being chlorine and this is usually introduced at 
a level of about 25-30% by weight. 

The primary function of the halogen is to alter the nature 
and amounts of the volatile combustion products which subse- 
quently burn above the polymer. 

As the heat decomposes the polymer the chlorine chemi- 
cally combines with hydrogen to form the non combustible gas 
hydrogen chloride and causes a carbonaceous layer to be 
formed at the surface which hinders heat transfer and slows 
down the subsequent rates of decomposition. 

The hydrogen chloride intervenes in the combustion process 
by suppressing the production of high energy oxygen and hydro- 
gen radicals, replacing them with lower energy chlorine radicals. 

The chlorine radicals further react with the base hydrocar- 
bon to produce additional amounts of hydrogen chloride to 


maintain the inhibition process. 
Heat Flux (J min) 
Polyethylene | Polypropylene 


450 


Oxidation of Polymer fraction to 
form CO, CO, and H,0. 


Heating of CO, CO, and HO to 
Polymer surface temperature. 


Heating of air to Polymer surface 
temperature 


Heat input by conduction from 
gas combustion 


Total Heat available to surface 


Heat loss by conduction through 
Polymer 


Heating of Polymer from 
environmental temperature to 
surface temperature 


Pyrolysis of remaining Polymer 
fraction at the surface 


Total Heat required by surface 


Difference (Radiation Input) 


Table IV 


8. THE PRODUCTS OF COMBUSTION 


8.1 Formation of Smoke: 


Smoke is the result of incomplete combustion of the fuel and 
consists of solid and liquid particles suspended in the air and 
the combustion gases surrounding the fire. The liquid particles 
are droplets of molten polymer, water and acids created by 
combining water with the inhibitor gases. The solids contain 
carbon flakes, soot particles ash and constituent parts of the 
base materials split up by the heating process. Halogens added 
to inhibit combustion can lead to an increase of smoke as the 
inhibitor causes increased soot formation. The smoke develop- 
ment can be reduced by adding to the polymer metallic 
compounds which release a fine mist of iron oxide which acts 
as a source of oxygen increasing the quality of the combustion. 


8.2 Formation of Toxic Gases: 


The gaseous products of polymer combustion always include 
carbon dioxide and generally also carbon monoxide due to 
incomplete combustion. 

Hydrogen will combine with any halogen inhibitor to form 
for example hydrogen chloride gas which reacts with water and 
moisture to form corrosive acids which rapidly condense on 
cool surfaces such as decks, shell plating and equipment enclo- 
sures. 

In addition to these gases additional compounds will be 
formed dependent upon the base materials composition and 
some of these are shown in Table V.!7 


Carbon Dioxide All organic Polymers 
Carbon Monoxide 


Hydrogen Cyanide 
Nitrous Oxide 
Nitrogen Dioxide 
Ammonia 


Nitrogen containing Polymers, 
Polyurethanes, Nylons, Amino 
resins, Wool and Silk 


Sulphur Dioxide 
Hydrogen Sulphide 
Carbon Oxide Sulphide 
Carbon Disulphide 


Vulcanised Rubbers EPR, CSP, PCP 
Sulphur containing Polymers, Wool 


Hydrogen Flouride 
Hydrogen Chloride 
Hydrogen Bromide 


Alkanes 
Alkenes 
Phenol, Aldehydes Phenolic resins 


Acrolein Wood, paper, naturally occuring 
Polymers 


Polyacetals 


Cellulosic Fibres 


PVC, PTFE, Polymers containing 
Halogenated Flame Retardents 


Polyethylene, Propylene and many 
other organic Polymers 


Polystrene, PVC, Polyesters 


Formaldehyde 


Formic Acid 
Acetic Acid 


Table V 


9, CABLE BUNCHES IN THE PRACTICAL 
FIRE SITUATION 


9.1 The Effect of Temperature 


As observed from the LR phase 1 tests, should the mid rack 
temperature exceed about 375°C the cables at this position tend 
to burn readily and for tests where propagation occurred this 
temperature was seen to rise well above this figure. 

The burner alone will not raise the temperature at this posi- 
tion to these levels and the additional heat required is obtained 
from the cables organic material acting as the fuel, the flames 
acting as the mechanism for heat transfer. 

This action would appear to be confirmed by the observation 
of the marked discontinuity of the flames on the tests where 
fire propagation occurred and the ability of the cables to sustain 
combustion remote from the burner. 

This phenomenon is attributed to the effects of the atmo- 
sphere prevailing at the mid rack position. Sufficient oxygen is 
available to provide enough heat from the combustion to 


sustain the process through the material, whose fire retarding 
properties have been reduced through heating. 

In practice the temperatures occurring in a marine fire are 
likely to exceed the levels recorded during the tests and at these 
elevated temperatures the materials fire retarding properties 
may be reduced to the extent that flame propagation would 
always occur. 


9.2 The Effect of Geometrical Arrangement: 


As can be noted from Figure 6, general relationships can be 
determined for spacing between bunches and the number of 
and size of each bunch to achieve geometrical arrangements 
which will pass the IEC 332 Part 3 test. 

In general, exposing the cables to the burner flame in 
smaller separated bunches the flame retardant protective 
sheath is quickly stripped from them and a high proportion 
of the more combustible material of the insulation is 
exposed. Where a more continuous wall of cable, in a single 
layer or large bunches is presented to the flame the insulation 
is not exposed quickly enough to raise the temperature to 
the level required for fire propagation. 

This is attributed to greater amounts of heat being gener- 
ated in the combustion of “open” type cable arrangements 
due to the greater amounts of oxygen being made available 
to the burning surface of the cable. 

From the results of the horizontal burning tests it can be 
seen that fire propagation through horizontal runs is less 
likely to occur. This is attributed to the flame front not receiv- 
ing any assistance in transferring heat by the natural 
updraught of hot gases which occurs in the vertical arrange- 
ments. With the overall temperatures reduced the materials 
are more likely to retain their fire retarding properties so 
making the overall combustion conditions less favourable. 


10. FIRE PROPAGATION PREVENTION 
MEASURES 


It is now clear that the propagation of fire through the cable 
installation as seen during the tests is due to the loss of the 
cable’s in built fire retarding properties. It is thus evident that 
additional measures need to be taken to stop fire propaga- 
tion. The measures examined here are metallic sheathed 
cables, fire protection coatings and fire stops. 


10.1 Metallic Sheathed Cables: 


One method of preventing fire propagation through the cable 
installation would be to manufacture the cable sheath from 
a material whose fire retarding properties do not degrade. 

In practice this means using a metallic sheath and an 
example of cables designed on this basis is the Mineral Insu- 
lated Cable (MICC). A section of a typical construction is 
shown in Figure 13 where it can be seen that the cable consists 
of solid copper conductors surrounded by inorganic mineral 
insulation enveloped in a copper sheath. 

Standards developed for these cables such as BS 6207!8 
permit thermoplastic polymer over sheaths as an option 
when required for corrosion protection, identification or 
aesthetic appeal. 

Under fire conditions bare copper sheathed MICC cables 
can satisfactorily function up to 1000°C for 10 hours!® since 
this is below the melting point of the copper sheath. The 
maximum withstand temperature that a compartment struc- 
ture is required to achieve is 925°C after one hour. Therefore 
this cable will easily withstand the temperature require- 
ments. 


Optional oversheath 


usually PVC Solid Copper sheath 
oe —s 

Solid Copper 

conductors 


Compressed powdered mineral insulant 
eg. Magnesium Oxide, Mica or Silica 
Thermally Stable up to 2800° C 


Figure 13 
Typical Section Through Mineral Insulated Copper Cable 


It should be noted however that where the copper sheath 
has been oversheathed with a thermoplastic polymer the fire 
propagation limitations of the cable would then only be 
compatible with the oversheath. This could be stripped away 
and burnt in a similar manner to that observed in the LR Fire 
tests resulting in fire propagation. 

MICC cables also possess some practical disadvantages in 
that the mineral insulation is hydroscopic and this requires the 
cable ends to be sealed. When the cable is subjected to vibration 
or flexing it is possible for the copper sheath to crack and the 
seals to be broken allowing moisture ingress and subsequent 
insulation failure. 

The construction also does not permit a comprehensive 
range of electrical ratings to be provided. BS 6207!8 provides a 
maximum multicore conductor size of 25mm2, a maximum 
single core conductor size of 240mm2 and maximum voltage 
ratings of 750 volts. 

Finally MICC cables are expensive to buy and install when 
compared to their polymer counterparts. 

For these practical reasons it is not reasonable to insist that 
these cables be used as a general solution to the prevention of 
fire propagation in cable installations. 


10.2 Fire Protection Coatings: 


10.2.1 Purpose and Basis 


To increase the resistance to attack from fire, coatings are avail- 
able for application over completed cable runs after the cables 
have been installed. The coatings are designed to provide the 
cables outer sheaths with an additional layer of flame retardant 
material and are usually applied by brush or with a spray gun. 
The compounds used are generally a mixture of water based 
polymer resins, flame retardant chemicals, inorganic fibres and 
inert fillers. When subjected to fire the coating decomposes in 
asimilar manner to the halogenated polymers referred to previ- 
ously, releasing the flame retardants and inhibiting the 
combustion process. 


10.2.2 Quality Control 


This method of enhancing the cables fire resistance relies heav- 
ily upon the quality of the application. The thickness of the 
layer and the extent of cover are vital factors affecting the final 
performance. If the correct quantity of coating is not evenly 
applied areas occur where the release of retardants is insuffi- 
cient to inhibit combustion and fire propagation could occur. 
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Also the surface preparation prior to application is important. 
If combustible materials such as oil or grease become trapped 
beneath the layer they can be released during combustion 
providing an additional source of fuel for the fire. 


10.2.3 Service Life 


To provide satisfactory long term service the coating has to be 
compatible with the cables outersheath, in order that no phys- 
ical alteration occurs arising from chemical reactions between 
the two materials. It is also important that the adhesion of the 
coating to the sheath is secure to ensure effective long term 
protection. Provided these two conditions are met the fire 
protection treatment should be effective until at least an annual 
survey is required at which time these coatings should be closely 
examined. 


10.2.4 Environmental Resistance 


The completed coating has to be resistant to fluids or gases 
which may be present in the service environment. Standards 
have yet to be developed providing guidance on chemical 
compatibility and degradation of fire protection coatings and 
accordingly the manufacturers advice ought to be sought and 
acceptance determined on satisfactory established service 
experience. 


10.2.5 Test Experience 


A typical water based polymer resin fire coating has been 
tested?° in accordance with the general arrangement and condi- 
tions of the IEC 332 Part 3 tests. A selection of 16 marine power 
and control cables was clipped to the standard rack in one large 
two layer bunch and coated to a nominal thickness of 1.5mm. 
The volume of combustible material chosen was in accordance 
with category C requirements and the standard burner applied 
for a total of 40 minutes. During the test, flames spread in a 
similar manner to the LR fire tests and a 15 minute afterburn 
was recorded. After the tests the cables were examined and the 
damage assessed. It was found that complete burning of the 
cable insulation on the first layer of cables in the immediate 
vicinity of the burner had occurred. On the second layer of 
cables those protected by cables on the first layer remained 
undamaged. The cables suffering fire damage were cut open 
and it was found insulation degradation extended 117cm above 
the burner. 

Whilst it is evident that the coated cables met the criteria of 
IEC 332 Part 3 it should be noted that the geometrical arrange- 
ment chosen was, by comparison to the LR fire tests, one most 
likely to pass. In addition the coating and cables burnt in a simi- 
lar manner to the LR fire tests. It is therefore inconclusive that 
cables treated with these compounds would perform satisfac- 
torily under conditions representative of the practical 
installation. 


10.2.6 Summary 


It is clear from the foregoing that additional research is neces- 
sary to obtain a clear understanding of the performance of fire 
protection coatings in the marine environment. Satisfactory 
service experience needs to be obtained before such measures 
can be regarded as acceptable as the sole means of preventing 
fire propagation in cable runs. 


10.3 Fire Stops Between Structural Fire Zones: 


This method of preventing fire propagation involves inserting 
physical barriers into the cable runs. 


Where a cable run passes through a structural fire division 
bulkhead or deck, ship rules and offshore recommendations 
require that arrangements are made to ensure that the fire resis- 
tance of the structure is not impaired. These arrangements are 
a particular type of fire stop termed a penetration. Many types 
of penetration are available and the general arrangement of a 
typical example is shown in Figure 14, where it can be seen that 
the arrangement consists of three items. Firstly a steel tube 
welded to the bulkhead. This supports the second item, the tran- 
sit frame. The purpose of the frame is to locate in position via 
compression plates the insert blocks. These blocks, made of an 
insulating material, are of two types. Firstly, split halved blocks 
with holes to allow the passage of cables and secondly solid 
blocks to seal extra spaces, that are provided for future addi- 
tional cables. 

After the cables and inserts have been fitted within the frame 
the nuts of the compression plate are tightened to expand the 


Bulkhead 


Bulkhead insulation 


Steel tube housing 
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frame against the tube and to compress the inserts thereby 
forming a tight seal. 

To demonstrate the effectiveness of the penetrations the 
arrangement is to be tested to show the integrity of the bulkhead 
is not impaired. The basis for these tests is the SOLAS standard 
fire test and additional information on this matter can be found 
in the International Maritime Organisation’s document Fire 
Test Procedures (1984). 

A typical penetration has been tested in accordance with 
these procedures?!, whereby a selection of multi and single core 
cables were fitted into a penetration which was exposed for one 
hour to a furnace whose temperature was controlled to that of 
the SOLAS temperature limitations of Figure 10. Throughout 
the test the temperature of the cables on the unexposed side 
were monitored and the maximum recorded was 120°C at the 
end of the test. In addition throughout the test it was observed 
that the unexposed side of the penetration was free from flame 
and that it did not pass hot gases, so demonstrating that pene- 
trations of this type will satisfactorily stop fire propagation 
within the limitations of the structure. 
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General Arrangement of a Typical Cable Penetration Fire Stop for a Structural Bulkhead 
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Figure 15 
1ACS Proposals for Fire Stops 


10.4 Fire Stops Within Structural Fire Zones 


10.4.1 Purpose 


Assuming that penetrations are compatible with the structural 
limitations of the compartment bulkheads they will ensure that 
fires do not propagate beyond the designated zone containing 
the source of the fire. However, it has been shown that reliance 
cannot be placed on the cable’s flame retarding properties 
preventing the spread of fire along the cables within the zone, 
which is the intention of the SOLAS requirement. To satisfy 
this intention it is necessary to provide fire stops or barriers at 


discrete locations in the cable runs which have similar charac- 
teristics to penetrations. 


10.4.2 IACS Proposals 


Arrangements for fire stops in cable runs as proposed by the 
International Association of Classification Societies (IACS) 
are shown in Figure 15. These proposals require the stops 
having at least B-O penetrations to be fitted as follows: 


1. Cable entries at the main and emergency switchboards. 
Where cables enter engine control rooms. 
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3. Cable entries at centralised control panels for propulsion 
machinery and essential auxiliaries. 
4. Ateach end of totally enclosed cable trunks. 


In addition, to the locations specified above where cables 
are run in enclosed and semi enclosed spaces, the runs are to 
comply with one of the following: 


(a) The cables to have protection coating applied thus: 


1. For at least 1 metre in every 14 metres for horizontal 
runs. 
2. For the entire length of vertical runs. 


(b) Fitted with fire stops having at least B-O penetrations 
every second deck or approximately 6 metres for vertical 
runs and at every 14 metres for horizontal runs. 


Where alternative (b) is employed the cable penetrations 
are to be installed in steel plates of at least 3mm thickness. These 
are to extend all around to twice the largest dimension for verti- 
cal runs and once for horizontal runs. They need not extend 
through ceilings, decks, bulkheads, or solid sides of trunks as 
shown in Figure 15c. In cargo areas, fire stops need only be 
fitted at the boundaries of the spaces. 


10.4.3 Advantages and Disadvantages of the [ACS Proposals 


Itis clear that these barriers will make a contribution to prevent- 
ing fire propagation through cable runs. From observations of 
the spread and size of flames seen during the LR fire tests the 
area of the steel plates would appear to be adequately sized to 
stop flames spreading around the edges. 

The plates are repeated at regular intervals and where, neat 
geometrical cable layouts occur, the natural updraughts created 
by the cables combustion would be reduced. This is particularly 
important for vertical arrangements where the updraught 
surrounds the unburnt cables and accordingly closer spacing of 
the fire stops is required. 

The use of B class Penetrations will halt the spread of flames 
for the first half hour of the SOLAS standard fire test. However 
by using a class "B-0" penetration no attempt is made to limit 
the temperature rise on the unexposed side of the fire stop 
during the cables combustion. The transmission of heat through 
the penetration will result in the degradation of the cable's 
flame retarding properties contrary to the SOLAS require- 
ment. By including insulation in the penetration to limit the 
transmission of heat, the cables in built fire retarding properties 
can be maintained. An acceptable level of insulation is that 
chosen to maintain the unexposed side at a temperature below 
that of the cable sheath's temperature index for the length of 
time consistent with the structural protection provided to the 
compartment in which the cable run is located. For the majority 
of flame retardant polymer cables a penetration achieving 
temperature rises for B class Divisions as defined in SOLAS 
(see figure 10) will provide an acceptable heat insulation level. 

The use of solid plates does provide practical difficulties in 
the installation of additional cables following construction. This 
problem can easily be overcome by adopting an insert block 
arrangement for the penetration, similar to that described earlier. 

The performance of fire protection coatings on cables has 
been shown earlier to be inconclusive and as such the option 
of applying coatings will not guarantee that fire propagation 
will be halted through cables runs. 

In addition practical cable installations rarely conform to 
the neat geometrical arrangements prescribed and this makes 
the proposals difficult to implement as stated. To assist imple- 
mentation guidance is given on the siting of fire stops. 


10.4.4 Siting of Fire Stops 


The siting of Fire stops is to be determined from a case assess- 
ment of the effects of the cables propagating fire if ignited. Due 
to the complexity of the arrangements and the lack of detailed 
cable routing information available at the design stage a valid 
assessment can only be completed by on site inspection during 
the latter period of construction. 

Three main safeguards are to be provided: 


10.4.4.1 Personnel Access: 


It is not uncommon for cables to be run directly adjacent to 
walkways stairwells, above corridors and at other points of 
personnel access. These arrangements allow easy installation 
of cables initially during construction and subsequently if addi- 
tions are required. 

Whilst there are no written requirements prohibiting the 
locating of flammable items near walkways it is obviously desir- 
able to keep these areas free from fires which have originated 
elsewhere. It is thus suggested that fire stops should be installed 
in any cable runs adjacent to these areas positioned as to 
prevent propagation into the access area from elsewhere. 


10.4.4.2 Equipment Protection: 


Where equipmentitems are manufactured with open type cable 
entries the cables possess the ability to transmit fire into and 
away from the enclosure. If it is not possible to provide sealed 
non flammable entries such as steel cable gland boxes then addi- 
tional fire stops would be beneficial in the cable runs adjacent 
to the equipment. The major items of equipment likely to cause 
concern are as detailed in the [ACS proposals. 


10.4.4.3 Propagation through Large Zones: 


In large single fire zones such as cathedral type Engine Rooms 
it is not uncommon for the Electrical Cables to be bunched 
together to form long runs traversing the zone adjacent to many 
significant fire sources. In these instances the cable runs possess 
the ability to propagate the fire throughout the space, turning 
a small localised fire into a significant emergency. In order to 
stop fire propagation through these runs, it is necessary to 
include fire stops at certain points in the middle of the runs, 
their location being determined following examination of the 
effects of where the fire will propagate to, should the cables be 
ignited. 


11. IMPLICATIONS TO LLOYD’S RULES FOR 
SHIPS AND RECOMMENDATIONS 


Part 6, Chapter 2-1, Section 7.14.7 of the current Lloyd’s Rules 
for Ships”? states the following: 


Where cables are installed in Bunches, provision is to be made 
to limit the propagation of fire. This may be achieved by: 


(a) Cable types which have been tested in accordance with 
IEC Publication 332-3 “Tests on bunched wires or cables”, 
or an equivalent standard, or 

(b) The use of suitably located fire stops or approved fire 

protection coatings. 


NOTE: 

The use of unsuitable paints, trunking, casings etc., may 
significantly affect the Fire Propagation performance of 
cable bunches. 


Whilst the intention of this requirement is clear, the results of 
the LR fire tests have shown that compliance with IEC Publi- 
cation 332-3 will not necessarily limit the propagation of fire 
through the cable installation. 

Fire Protection coatings for cable runs have yet to be 
approved by Lloyd's Register. Furthermore it is yet to be 
demonstrated that this method of limiting fire propagation 
through cable runs will provide effective protection. 

It is thus recommended that where necessary suitably 
designed fire stops should be included in the cable installation. 
These should be located to contain the fire propagation within 
the limitations of the structure and the overall safety philosophy 
of the installation with regard to personnel access and equip- 
ment protection. The stops should be tested to demonstrate that 
the cables in built flame retarding properties can be maintained 
inside the limitations of the structural fire protection provided 
to the compartment where the cable installation is located. 
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DISCUSSION 


From Mr A. M. Anderson 

I would like to congratulate Mr Huntley-Hawkins on 
producing a paper of interest to Surveyors in so many 
fields. 

I must point out, however, that in Section 11 on 
page 19, it is stated that “Fire protection coatings for cable 
runs have yet to be approved by Lloyd’s Register.” The 
author seems to be unaware that certificates have been 
issued for some such coatings by CSD/SVS/FIRE (dating 
back to 1985), testing being generally in accordance with 
IEC 332-3. 

I would therefore like to ask for the authors opinion on 
this matter, since these certificates were issued before 
doubts were raised regarding IEC 332-3. Should we refuse 
to accept these coatings, despite the existence of an LR 
certificate? Should we stop further approval of cable fire 
protection coatings simply because we are unwilling to 
accept IEC 332-3 and unable to suggest an alternative test 
procedure? And since the author in his final paragraph 
recommends the testing of fire stops, what fire test 
procedure would he propose for this? 


From Mr R. H. M. Hall 


I should like to thank the author for his most informative 
and thought-provoking paper, and request his further 
comments on some particular aspects of the subject matter. 

Firstly, reference is made, under item 2.1, to the 
acceptability of flame-retarding cables for some radio 
frequency and electronic applications. Since flame-retarding 
is, largely, a function of the cable sheath, and this has little 
bearing on the cable’s electrical properties, and also taking 
into consideration the ever-increasing extent of electronic 
systems, does it remain justifiable to exempt such cables 
from the general requirement for flame-retardency? 

Secondly, the paper concludes with a recommendation 
that firestops should be included in the cable installation 
where necessary: I believe that the difficulties of assessing 
the requirements for firestops and installing them in the 
period between finalisation of cable runs and 
commencement of cabling should not be underestimated. 

A particular problem is assessing the required fitting of 
firestops is highlighted by Fig 1; this appears to show 
extensive fire propagation along a horizontal cable run, 
whereas it is widely held, and substantiated by test, that 
propagation along a horizontal run is relatively unlikely. It 
is also stated that firestops should be tested, but it is not 
clear exactly what type of test should be carried out, and 
which (if not all) of the arrangements shown in Fig 15 
would be required to be tested. For example, would 
arrangement A of Fig B behave differently from 
arrangement B? Further, would the trunking material, its 
thickness and finish, markedly affect the behaviour of the 
fire-stop? ; 

Turning to the option of limiting fire propagation by 
the use of fire protection coatings; does the author know of 
any coatings now approved by the Society, and, if so, would 
he summarise the test requirements that they have satisfied? 


Finally, I should be pleased to know whether it is 
proposed to amend the Rules or the Survey Procedures 
Manual to give more explicit requirements for, or guidance 
on, means to limit fire propagation through electrical 
cabling. 


From Mr B. P. Sharman 


In connection with the above I offer the following 
contribution: 

The Author is to be congratulated on tackling such a 
formidable subject and in presenting it in a readable form. 

Whilst it is agreed electric cables may propagate fire I 
still remain to be convinced that in a practical fire situation 
electric cables add significantly to the situation, except in 
the production of smoke and toxic fumes. As always, it is 
never clear in SOLAS what the background to the 
Regulations is, although this is generally stated in IMO 
MSC documents submitted by member countries for 
consideration by the Safety Committees. Has the author 
researched back through the MSC documents to establish 
the background to SOLAS 1974 (as amended), Chapter II-1, 
Regulation 45, Paragraph 5.2 as quoted on page 3 in the 
paper and could he explain it? 

It is stated on page 3 that “... a reluctance in certain 
sectors of the marine industry to adopt the use of high 
voltages for high power installations, which increases the 
amount of cabling, only serves to increase the risk.” In view 
of the fact that high voltage cables have considerably more 
material in their construction and, particularly in ships, the 
high voltage distribution is, for other practical reasons, 
limited, would the author consider the reduction of risk to 
be significant or otherwise? Would not the metallic screen 
braid around the high voltage cable, or indeed around any 
cable, decrease the risk more significantly and could not a 
metallic screen/braid around a cable be accepted in lieu of 
fire stops etc? 

Section 2.2 states that IEC Publication 332-1, Part 1 is an 
acceptable standard for flame retardancy. There would 
appear to be a design of cable, those to NEN 3400 are one, 
which cite reduced fire propagation to IEC 332-3 
Category C, with no reference to IEC 332-1. May it be 
assumed compliance with IEC 332-3 for a certain cable 
geometry will satisfy IEC 332-1? 

With reference to the implications to Rules for Ships 
and Recommendations the author mistakenly states that fire 
protection coatings have yet to be approved by LR. This is 
not the case, SVS/FIRE have approved a number of coating 
systems. In view of this would the author clarify the 
acceptability to these to “... provide effective protection.” 

It would appear from an examination of various 
Governmental Regulations and Class Society Rules that the 
fitting of fire stops and the “unqualified” compliance with 
IEC 332-3 are acceptable alternatives. The industry is also 
reluctant to fit fire stops if tests to IEC 332-3 have been 
carried out. How does the author intend to present his 
findings to IEC or IACS for validation and to get the current 
situation changed or will LR be fighting a lonely battle? 


From Mr J. G. Beaumont 


Having read the paper and listened to the arguments on this 
matter, it is evident that the research reported questions the 
validity of the Lloyd’s Registers current interpretation of the 
SOLAS requirements. Given this starting point, I would like 
to know the author’s opinion as to the way forward in order 
that the difficulties this work addresses may be resolved. 


From Mr J. H. C. Robertson 


This is a very interesting paper. It demonstrates that 
valuable information can be obtained from practical 
research which would otherwise remain undiscovered. 

In 2.3 it is stated that metals such as copper and 
aluminium are often used to sheath fire resistant cables. It is 
easy to accept that copper will resist the temperatures 
achieved in the fire tests which are referred to. However, 
aluminium will melt at these temperatures. Some 
information would therefore be welcomed regarding the 
conditions under which aluminium sheathed fire resistant 
cables could successfully be used. 

In 10.3 the efficiency of cable penetrations in 
preventing fire propagation along cable runs is described. 
However, when they are fitted in structural fire divisions 
their main function should be regarded as the preservation 
of the fire integrity of the division. Equal attention should 
also be given to preserving the fire integrity of the division 
where other types of penetration take place. There are 
currently about 100 fire type approval certificates issued by 
LR in respect of prototype cable penetrations which have 
been tested in both ‘A’ (cellulosic) and ‘H’ (hydrocarbon) 
fire rated divisions and shown to maintain the fire integrity 
and, where applicable, the temperature rise limitations for 
the unexposed sides of the divisions 


The IACS proposals outlined in 10.4.2 inter alia call for 
the use of cable penetrations of the least ‘B-0’ rating 
installed in plates of at least 3mm thickness. Lloyd’s 
Register has not approved any cable penetrations with ‘B’ 
Class fire ratings. ‘A’ Class fire rated penetrations could be 
used for this purpose but they are quite heavy and special 
consideration would require to be given to their support 
especially in the case of vertical open cable runs involving 
large cable bunches. The author’s comments would be 
appreciated on the above and whether it is likely that the 
IACS proposals will lead to the development of lighter ‘B’ 
Class cable penetrations or whether there will be a 
preference for the development of effective fire protection 
coatings. 

In ships built in accordance with Part 6, Chapter 4 of 
the Rules for Ships propagation of fire in cable runs will be 
stopped at ‘A’ Class bulkheads and at all decks. It is 
therefore not possible in such ships for fire to spread 
throughout the ship by means of propagation in cable runs 
even if the anti-fire propagation arrangements fail inside the 
space or zone of origin of the fire. However this requires 
vigilance and attention to detail to ensure that all the 
required cable penetrations are installed. 

This paper addresses passive methods for preventing 
fire propagation in cable runs. Can the author comment on 
whether other methods are under consideration? For 
example, in main cable runs in machinery spaces would 
there not be some advantage in providing small dedicated 
local fixed fire extinguishing systems arranged for 
automatic activation when fire is detected in the cables? 


From Mr J]. B. Borman 


I have a number of queries of a general nature for the 
author. Fig 1 of the paper appears to indicate that the fire 
has propagated fairly well along the cable run, is this 


typical of the damage found with an installation using 
cables manufactured to current standards? As individuals 
our experience of fire damage tends to be restricted, but 
Figure a illustrates the effect of a fire situated below a cable 
installation in a mid 70's vessel, in this case the damage 
appears to be localised, is this what one would expect to 
see? 

There have been numerous references in the literature 
to modern, or new technology cables, (references 1 and 2 
below) and the RN do make use of some of these 
(reference 3). Unfortunately there is often no mention of the 
materials that are used in these ‘new’ cables but terms such 
as EVA, PEEK, EPDM and LSOH appear, would it be 
possible for the author to elaborate on these terms and the 
properties of the materials involved? 

Is there any body of evidence to suggest that the use of 
some of these ‘modern’ materials or techniques would 
result in a reduction of the fire risk due to cables and would 
it be economic? The RN presumably carried out a fairly 
exhaustive investigation into cable materials and cable 
design before deciding to make a change, is any of this 
information in the public domain and what does it show? 

It is often implied that toxic fumes and smoke emission 
can be as important as flame propagation and the paper 
mentions trade offs in this area, is there any incentive to use 
LSOH (Low Smoke Zero Halogen) cables even if their fire 
propagation properties were not the least that could be 
obtained? 

Fire stops for cable installations receive attention in the 
paper and the Ship Rules allow these as a means of limiting 
fire propagation. Cable penetrations for bulkheads are 
available with known fire performance but it is not clear 
whether these have been tested for the situations illustrated 
in Fig 15 (D) of the paper. What guidance can the Society 
offer to a cable contractor when he tries to satisfy the Ship 
Rules by fitting suitable fire stops; is he on his own, or does 
he have to carry out tests or can the Society provide 
guidelines as to suitable arrangements for his cable 
installation. 


1. New technology electric cables for shipboard use. 
R.J. Dennish. 
Trans. I Mar E Vol 94, 1981 Paper 16. 


2. New materials for cable sheathing 
D.E.M. Neas & R.M. Black. 
Electronics and Power Oct. 1982 698-702. 


3. Design of Electrical Systems for Warships 
A.J. Scott 
Trans I Mar E Vol 95, 1983 Paper 43 


From D. H. Mann 


Whilst the current SOLAS Regulation 45.5.2 in Chapter II-1 
is clearly aimed at stopping the spread of fire, it is quite 
obvious from the paper, and the previous paper by the late 
Mr McCrudden, that the practical aspects of achieving this 
are still not altogether satisfactory. 

Firstly, it is somewhat disturbing to note that Standards 
specifically designed to stop the spread of fire, have been 
demonstrated to be ineffective with certain arrangements. 
Whilst it is hoped these Standards will be reviewed in due 
course, in the short term can the author advise if it is L.R. 
policy to continue accepting compliance with a standard 
such as I.E.C. 332-3, as guaranteeing compliance with 
SOLAS? 

Secondly concerning fire stops. The paper refers in 
figure 15 to fire stops consisting of steel plates contoured to 
the shape of a cable bunch. When these proposals were first 
circulated, I, and I believe many others, were highly critical 
of them because of their impracticability. Can the author 
confirm if this still remains the official 1LA.C.S. method of 


achieving a fire stop, or if other methods, such as are 
mentioned in the paper are now officially recognised? 

Thirdly, the I.A.C.S. proposal requires fire stops to meet 
the requirements for a ‘B-0’ penetration. Does the author 
know if tests specifically to the ‘B-0’ standard have been 
carried out on any of the fire stops now being used? 
Obviously, a certified ‘A-60’ penetration will suffice, but 
Owners, and builders particularly, are keen to save money, 
time and weight where possible, and in the case of coaming 
and compound type penetrations for example, to reduce the 
size of the penetration. Where ‘B-0’ tests have not been 
specifically carried out, what reductions on ‘A-60’ certified 
penetrations is the Society accepting? 

Fourthly, it is noted that the blanket type fire stop is not 
mentioned. In this method a chemically impregnated 
blanket is wrapped around the cables, and a cable fire 
causes the chemicals to become activated to arrest the 
progress and extinguish the fire. Can the author comment 
on this method? 

Finally could the author amplify the last sentence by 
explaining how testing of all the fire stops in an installation 
is to be carried out. 


From Mr W. J. Dijke 


The design of each vessel, together with the materials of her 
construction and equipment on board ensures that 
combustible materials and fuel are present. 

What is the Author’s opinion about the following: 


a) Almost all fires in engine rooms are generated by oil 
fuel mist spraying on hot surfaces. Although not within 
the scope of this paper is there a lot to be gained in 
reviewing the design and requirements of oil fuel 
pipes, their fittings and routing? 


b) May we expect, in near future, appendices to 
certificates showing the geometric configuration of the 
cables as tested? 


c) Is Part 6, chapter 2-1, section 7.14.7 also applicable in 
the case of high voltage cables, irrespective of the type 
of outer sheath applied? 


d) Some vessels are provided with an excessive amount of 
electric cabling and indeed can be considered as “Cable 
Carriers” having “Copper Decks”. Is there an 
advantage in relation to the reduction of combustible 
material in the use high voltage cables, bearing in mind 
that a lot of low voltage cables are required for other 
purposes? 


It is unrealistic to suggest that accidents will not occur 
even if cables are installed as tested, however this paper has 
added a valuable contribution to the understanding of the 
installation requirements. 


From Dr D. S. Aldwinckle 


My contribution to this discussion is to raise the matter of 
the fire performance of cables that have been installed for 
some years. 

Firstly could the author please clarify whether or not 
the cable tests described in the paper were conducted on 
new or old specimens? 

Secondly as I suspect the tests were conducted on new 
cables, what would the expected performance be from aged 
cables, and how would one evaluate any change? 


AUTHOR’S REPLY 
To Mr A. M. Anderson 


Firstly I should like to thank Mr Anderson for giving me the 
opportunity to put the record straight on the matter of fire 
coatings for cables. Initial enquiries on HQ Fire Department 
conducted during the original research for the paper 
showed an absence of such approvals. Subsequently I have 
encountered such certificates in the course of my work, and 
a copy of one such certificate is attached herewith as an 
example, (Figure b). Further enquiries on Fire Department 
has revealed that as of December 1990 the following 
certification has been issued by them: 


ICD/F86/054 - ‘Favorit’ fire stop (Germany) 18.02.86 
ICD/F86/105 - Flammastic A (G.B.) 21.03.86 
ICD/F86/377 - Seacomastic $.88 (Switzerland) 10.10.86 
ICD/F86/412 - Hitachi Flamemastic (Japan) 06.11.86 
ICD/F86/484 - Fire stop mat 5.88 (Switzerland) 23.12.86 
ICD/F87/216 - Fire stop mat S.88 (Korea) 02.06.87 
ICD/F87/217 - Seacomastic S.88 (Korea) 02.06.87 
ICD/F88/147 - Fire stop system A-119 (Korea) 22.02.88 
ICD/F88/148 - ES. Mastic (Korea) 22.02.88 
SVG/F89/083 - S.F. —- Coat No. 2G (Japan) 23.03.89 
SVG/F89/229 - A.LK. fire stop system (Germany) 05.09.89 
SVG/F89/252 - Protherm C.E. 2000 (Italy) 26.09.90 
SVG/F90/063 - B.M. 60F (Germany) 17.01.85 
SVG/F90/175 - Protherm Polyplast (Italy) 21.06.90 
SVG/F90/187 - Flammastic ‘A’ (Germany) 20.06.85 


SVG/F90/291 - Flame control mastic No. 70 (USA) 22.08.85 
SVG/F90/292 - Flame control mastic No. 77 (USA) 22.08.85 


The basis of acceptance was that fire tests were 
conducted generally in accordance with IEC 332-3, or other 
National comparative standards or equivalent solutions 
approved by the Society. 

I consider that we are not in a position to refuse to 
accept these coatings, as they have valid certification issued 
in all good faith by the practioners at the time to the extent 
of Lloyd’s knowledge on the matter, and thereby comply 
with the rule requirements current at the time. 

As to the future however, I would like to see the 
practice of issuing or renewing the certification of such 
coatings to cease until it can be shown that: 


1. The coatings are effective in the practical fire situation. 


2. Standards have been developed to provide guidance on 
chemical compatibility and resistance to degradation of 
these coatings. 


3. Long term service experience demonstrating suitability 
for use in the marine environment. 


With reference to the test requirements for fire stops, I 
draw Mr Anderson’s attention to the reply given to 
Mr D. Mann elsewhere in this discussion paper. 


To Mr R. H. M. Hall 


It is reasonable to question the validity of the exemption 
SOLAS grants to flame extending cables. It was the original 
intention of this exemption to permit the limited use of 
special cables for low fire risk areas such as radar 
installations in the bridge area. | would consider that use of 
these cables in the vessels machinery spaces and other high 
fire risk areas would be outside the scope of the exemption. 
The inclusion of a flame extending cable with flame 
retardant ones would considerably alter the fire 
propagation performance of the arrangements, with the fire 
propagating along the flame extending cable. For 
applications in high fire risk areas it is reasonable to expect 


any special cables to be flame retardant. Shipbuilders may 
however wish to treat these cables differently from others 
with the intention of reducing electromagnetic interference 
to a minimum, and such alternative arrangements would 
require special consideration. 

The cable fire propagation performance of the various 
arrangements shown in figure 15 of the paper would all 
differ and be impossible to predict with any degree of 
accuracy before hand, other than to state conditions which 
could be envisaged that would permit fire propagation to 
occur. Hence the need for the fire stops to prevent the fire 
from propagating beyond set limits. The extent to which the 
trunking materials and finish would affect the behaviour of 
the fire stop can only be absolutely determined by test. My 
understanding of the principles involved lead me to believe 
that the surface finish would be critical, as paints and 
coatings are as capable of spreading fire as Electric Cables. 

For the answer to approval of coatings and rule 
modification | draw Mr Hall’s attention to replies to Mr 
Anderson and Mr Beaumont elsewhere in this discussion. 

My thanks are extended to Mr Hall for his time and 
effort involved in his contribution. 


To Mr B. P. Sharman 


In response to the question of researching MSC documents 
for the background to the SOLAS Regulations, the straight 
answer is no, on account of these not being available when 
the paper was prepared. I agree with Mr Sharman’s 
sentiments that an explanation of the arguments leading up 
to the incorporation of the SOLAS regulation would be 
useful, albeit at this stage academic. The regulation is in 
existence and is to be applied as written and I assume that 
SOLAS says what the authors of it intended it to say. If this 
is not the case then I would expect it to say something else. 

The reduction of risk of fire propagation through cable 
runs I consider would be significant if the change to high 
voltage for high power applications were implemented. 
This is on the basis that the number of cables required is 
substantially reduced. Care should be used when applying 
the assumption that high voltage cables possess 
considerably more material in their construction, as 
reduction in cable weights of about 4 can be achieved in 
making the change to using high voltage cables. 

The inclusion of the metallic braid or armour around a 
cable does decrease the risk of fire propagation as the results 
of the LR fire tests and others reported elsewhere indicate. 
This phenomenon is attributed to the metal content acting as 
a heatsink and protecting the more combustible insulating 
materials from the direct heat of the fire. Whether the metallic 
layer on its own could be accepted in lieu of fire stops or not 
would depend upon the result of extensive testing. It is 
considered that a set of conditions could be envisaged where 
the metallic layer on its own would be insufficient. It cannot 
be assumed that compliance with IEC 332-3 will ensure 
compliance with IEC 332-1. In response to Mr McCruddens 
paper “Fire Performance of Electric Cables”, Tans I Mar E, 
Vd. PP 211-224 the Norwegian National Committee member 
of the IEC recalled that a member of the Technical 
Committee’s working group maintained that it was possible 
for smaller cables to pass the IEC 332-3 test, but not the 332-1 
test. However to my knowledge the test results for this work 
have not been published. 

For my comments on fire protection coatings | draw Mr 
Sharmans attention to my reply to Mr Anderson elsewhere 
in this discussion. 

As to the future in addition to my comments made to 
Mr Beaumont, I can confirm this matter is being discussed 
in IEC and IACS but I feel the most immediate change that 
ought to be made is that to the LR rules. 

My Thanks are extended to Mr Sharman for his 
contribution. 


Certificate No. ICD/F86/484 


Date: 23rd December, 1986 


ITEM: FIRE STOP MAT S 88 


MANUFACTURER: SEACOM LIMITED 
BLEICHERWEG 39 
CH-8027 ZURICH 
SWITZERLAND 


This is to certify that the above fire stop, at least 1 metre continuous run in every 14 metres 
horizontal run, and | metre continuous run in every 6 metres vertical run, thickness as 
stated in the Manufacturer’s recommendations and as given in Siemen’s Fire Test Report 
dated 30th October 1985, will be accepted for compliance with this Society’s Ruies and 
Regulations and with the International Conventions for the Safety of Life at Sea 1960, 1974 
and the 1981 and 1983 Amendments thereto, on ships classed with Lloyd’s Register of 
Shipping and on ships for which the Society is responsible for the issue of the relevant 
certificate required by the above International Conventions as authorised by contracting 
Governments, as a: 


FIRE STOP FOR ELECTRIC CABLE SYSTEM 


This Certificate is valid until 9th October, 1991 


\ Stee wre als OGL ee ieee 


Deputy Chairman pro Secretary 


NOTICE ~ This certificate is subject to the terms and conditions overleaf, which form part of this certificate. 


FORM 1124 (09/91) Lloyd's Register of Shipping, registered office: 71 Fenchurch Street, London EC3M 4BS 


Fig. b 


or 


To Mr J. G. Beaumont 


The immediate way forward I believe is for the Society to 
distance itself from the IEC Publication 332-3. The clear 
message from the paper is that the Society considers an IEC 
document to guarantee something which the author 
considers to be outside its scope. Furthermore the legal 
defence is unclear if an incident of fire propagation were to 
occur with cables manufactured to IEC 332-3 being the only 
provision for limiting the propagation of fire through the 
cable runs. 

The implication of the foregoing is that the rule cited in 
the paper requires amendment, and the following is 
proposed for submission to the Societies Technical 
Committee meeting in November 1991. Part 6, Chapter 2.1, 
Section 7.14.7 of the Ship Rules is proposed to be deleted in 
total and replaced with: 


“Where cables are installed in bunches, provision 
is to be made to limit the propagation of fire, 
which may be achieved by the use of suitably 
located fire stops. Alternative arrangements will be 
considered.” 


By adopting this approach to the new rule the Society 
can distance itself from the IEC publication, update its rules 
in line with the results of the fire tests and align itself with 
the IACS interpretation of the SOLAS regulation. In 
addition the wording permits the Society to obtain 
acceptable solutions and the freedom to take advantage of 
any future developments. In addition it is also proposed 
that the same applicable amendments be made to the 
corresponding sections of the Rules for Mobile Offshore 
Units and the Rules for Fixed Offshore Installations. 

My thanks are extended to Mr Beaumont for provoking 
thoughts as to the way forward. 


To Mr J. H. C. Robertson 


I thank Mr Robertson for his contribution to the discussion 
and the time and effort involved to produce it. 

An example of a fire resistant cable employing an 
aluminium sheath is the Pirelli FP200 range of cables, where 
the sheath is described in the makers data as a combination 
of aluminium and hard grade PVC. For areas where strict 
control of smoke and corrosive gas emission is required, a 
variant employing aluminium and a proprietary polymer 
laminate is available. The cable satisfies the requirements of 
IEC 331 for fire resistance, and in addition the enhanced fire 
resistance properties of BS 6387. The exact composition of 
the sheath is unknown to me, but I conclude that the 
combination of the chemical composition of the alloy, and 
its physical construction with the polymer laminate 
produce an arrangement with sufficient thermal and 
physical robustness to satisfy the test requirements. 

I agree with Mr Robertson that when a penetration is 
fitted within a fire division its main function is the 
preservation of the division's fire integrity, and also that 
equal attention should be given to all types of penetrations 
through fire divisions. 

It is useful to be informed that ‘B’ class penetrations for 
cables have yet to be approved by the Society, and I agree 
that ‘A’ class penetrations would be acceptable albeit an 
overkill. Any cable penetration installed in the middle of a 
cable run will require support as cables supporting loads in 
excess of their own weight cannot be tolerated. This is not 
envisaged to present a problem as class rules define cable 
supporting arrangements which in practice could form the 
basis of supports for the mid run fire stop. 

I consider adoption of the [ACS proposals as they stand 
would be a retrograde step, for they posses design 
limitations that do not satisfy the SOLAS requirements as 


indicated in section 10.4.3 of the paper. Adoption of a policy 
requiring fire stops that do not posses such limitations 
would I believe provide the impetus for the development of 
lighter ‘B’ class penetrations along with discouraging the 
development of fire coatings. 

I agree with the sentiments expressed by Mr Robertson 
that fire propagation would be stopped at the ‘A’ class 
bulkhead, however if this were considered to be the limit of 
the fire propagation measures included in the 
arrangements, the requirements of SOLAS would not be 
satisfied, as no provision would be made for limiting fire 
propagation within the zone created by the ‘A’ class 
bulkheads. 

Provided that the cables are satisfactorily rated and the 
electrical protection provided in accordance with the Rules, 
electric cables will not spontaneously self ignite. When they 
burn they are normally set on fire by external sources such 
as the failure of other items of equipment etc.. Active forms 
of fire protection would detect and alarm in the event of 
cable combustion, however the intention of the SOLAS 
requirement is aimed at ensuring the effects of the failed 
item are not transferred through the cable runs, thereby 
extending the scope of the incident from a local emergency 
to an installation catastrophe. 


To Mr J.B. Borman 


I have pleasure in responding to Mr Bormans informative 
contribution to the discussion for which I thank him, and 
trust that my replies will answer his queries. 

Unfortunately the history of figure 1 of the paper is 
unknown to me, for the photograph was obtained from Mr 
Kelvin Robinson who has since deceased. It is possible that 
the installation was made up of cables constructed before 
the current standards were introduced. I would hope that 
with modern cable sheathing materials, only localised 
damage of the nature the photograph shows should occur 
as the SOLAS regulation would be complied with, and an 
overall higher level of safety within the installation should 
be obtained. However this situation cannot be guaranteed 
as the LR fire tests have demonstrated. In addition, since 
compiling this paper I have found evidence of fire 
propagation occurring with modern day cable materials in 
horizontal locations when the cables are installed close to a 
roof or ceiling, a situation somewhat akin to the photograph 
obtained by Mr Robinson. 

To elaborate on the terms Mr Borman mentions, | offer 
the following comments: 


Ethylene Vinyl Acetate (E.V.A.): The character of an EVA 
copolymer is mainly dependant on the ratio of ethylene to 
vinyl acetate. Compounds based on EVA and crosslinked, 
are outstanding for their good heat resistance and make 
possible conductor temperatures of up to 12°C. They 
furthermore have excellent resistance against ageing in hot 
air and steam, as well as excellent pressure deformation 
qualities, especially at high temperatures. EVA compounds 
also show outstanding resistance against ozone, oxygen and 
climatic influences and have fast colours. Their dynamic 
freezing point lies at between 20°C and 30°C. The electrical 
qualities limit their application to low voltage. 


Polyetheretherketone (PEEK): PEEK is a high temperature 
polyether compound and is classified as a thermoplastic 
polymer. The material is ideally suited to match the 
insulation requirements for cables, in that it does not 
contain any halogen, has an unusual combination of high 
continuous service temperature with low emission of smoke 
and toxic fumes, together with good electrical insulating 
properties. Its resistance to chemical attack is outstanding 
for a thermoplastic. 


Ethylene Propylene Diene Monomer (EPDM): There is no 


substantial difference between EPDM and the more common 
material Ethylene Propylene Rubber (EPR), either from the 
chemical viewpoint or in their mechanical and electrical 
properties. These materials are excellent in respect of their 
resistance to ozone and oxygen and against corona effects as 
well. Their high flexibility at low temperatures and their 
good resistance against the influences of weather and light 
also enhance their characteristics. Their good dielectric 
properties make them suitable as insulation for voltages up 
to 60kV. The permissible operating temperatures range from 
80 to 100°C depending upon composition, however this 
figure is limited by class rules to 85°C. 


Low Smoke Zero Halogen (LSOH): This is a term applied 
to a cable which exhibits low smoke and low levels of acid 
gas when burnt. The term LSE, Low Smoke and Fume is 
also used to describe this class of cable. To comply with 
these requirements the subject cables should have been 
tested to BS 6425 Part 1, or IEC 754 Part 1, to demonstrate 
that the cables produce only low levels at corrosion gases 
(less than 0.5%) together with a test to demonstrate low 
smoke properties. A suitable test for this is the 3 metre cube 
test embodied in BS 6724. Generally these cables are used in 
areas where the rapid formation of dense smoke would be 
likely to induce shock or panic in individuals or crowds, 
and in escape routes where orderly evacuation of people 
would be impeded by the presence of toxic smoke and 
fumes. Typically these materials have generally poorer heat 
deformation and oil and water resistance properties than 
their non LSOH cable counterparts. 


In my estimation cable makers are consistently striving 
to improve the standards of safety associated with their 
products, within the scope of the limits set by organisations 
like LR and society at large. The use of the modern 
materials Mr Borman refers to permits the cable makers to 
meet the present fire standards, and to offer additional 
features such as a reduction in the amount of smoke 
generated by their combustion. Whether or not adoption of 
these additional features is economic depends upon the 
individuals viewpoint. Personally I cannot put a value on a 
mans life, and anything done to assist survival of an 
abnormal occurrence would be considered economic, 
however a shipowner may consider that spending anything 
above the bottom line safety requirements to be 
unnecessary. 

The Royal Navy have conducted an investigation into 
cable materials and cable design, and | am informed by the 
head of the cable section at Bath that this information is 
published in the form of a range of Naval Engineering 
Standards (NES’s). NES 518 specifies sheathing materials 
and NES 525, 526 and 527 specify requirements for different 
types of cables. These various standards are available to 
people like ourselves from the MOD Library at Bath. The 
Ministry’s approval system is based upon a maker 
complying with these standards. The details of the cable 
material would not normally be recorded by name as the 
NES’s are phrased around stating the requirements a 
material is to meet, rather than specifying it by type or 
name. Any additional information available to the public 
would be released via the practitioners, such as Mr Scotts 
technical paper, or by the establishment responsible for the 
work such as reference 13 in the original paper, if the 
security classification permits. 

There are incentives in using LSOH type cables. Firstly 
the reduction in smoke aids evacuation and fire fighting on 
the part of personnel involved in the incident. Secondly the 
effects of the cables combustion are not transferred by the 
resulting smoke and acid gasses polluting otherwise 
unaffected items of plant. Both considered to be advantages 
provided that the cables still meet existing flame retardancy 
requirements, which is usually the case with a modern type 
cable. 


To my knowledge fire stops for the situations 
illustrated in figure 15 of the paper have not been tested, 
and no other guidance other than that included in the 
original paper and others on the topic written over the 
years, exist. The [ACS proposals form a basis for an 
acceptable solution provided that the disadvantages cited in 
the paper are recognised and suitably dealt with. Tests 
would be required to demonstrate the effectiveness of the 
solution. 


To Mr D. H. Mann 


The Rules as currently published by LR to my mind reflect 
LR policy. The particular rule cited in section 11 of the paper 
was included prior to the research work described being 
conducted, and with the best of intentions represented the 
extent of LR’s knowledge at the time. I can confirm that LR 
is reviewing the matter with a view to amending Part 6, 
chapter 2-1, section 7.14.7 of the Rules. 

The IACS proposals cited in section 10.4.2 are 
understood to reflect their current thinking on the subject. 
This topic has been under discussion for many years within 
the IACS organisation and recently with a view to 
modifying their interpretation of SOLAS, SC10 as cited in 
the paper but no amendments have so far been agreed or 
published. 

I refer Mr Mann to the contribution to this discussion 
made by Mr Robertson, where it appears that the society 
has not certified tests for ‘B’ class penetrations, and I am 
unaware of tests being conducted on ‘B’ class penetrations. I 
am also unaware of any reduction to the ‘A-60’ certified 
penetrations to meet the ‘B-0’ requirement being accepted 
by the society without suitable tests, and I would suggest 
that it would be imprudent to do so. SOLAS lays down 
what is required of a ‘B’ class penetration and suitable test 
methods can be devised from these requirements. 

I understand the blanket type of fire stop to be widely 
used in buildings for the sealing of penetrations through 
walls, floors and ceilings where adequate support for the 
blanket can be engineered. I also have evidence of one 
manufacturers product being approved by authorities on 
both sides of the Atlantic to both British and American 
standards. Provided that adequate support can be provided 
to the blanket in the area of the installation, and satisfactory 
test evidence and certification is available, | see no reason 
why this method could not be accepted. In addition these 
blankets are often available in small ‘handkerchief’ sized 
versions and may form the basis of a suitable mid run fire 
stop thus providing the insulation level that is considered 
necessary and missing from the [ACS proposals and cited in 
the paper section 10.4.3, should a contractor wish to 
engineer the stop in that manner. The test method for a fire 
stop would have to establish two parameters. Firstly that 
the heat insulation level is sufficient to ensure that the 
temperature of the cable sheaths on the unexposed side will 
be below that of the materials temperature index. For this 
parameter the methods used to establish compliance with 
the SOLAS requirements could be applied. Secondly a test 
to ensure that the stop is capable of preventing the passage 
of flame as required by SOLAS Chapter II-2, Regulation 3.4. 
Again the procedures used to demonstrate this feature 
could be applied. 


To Mr W. J. Dijke 


I would concur with Mr Dijke’s thoughts that there is a 
considerable amount to gain by reviewing the 
arrangements made for oil fuel pipes. As noted there will 
always be combustible material present and the best way of 
ensuring that these combustibles do not contribute to fires 
is to prevent them being ignited in the first place. This is 


obvious but sometimes overlooked during an installation’s 
design, when other factors such as performance and 
economics may be considered more important by the 
practitioners. 

With regard to appendices to certificates being 
included to show the geometric configuration of cables 
tested, | consider that this is not the best way forward. The 
certificate ought to show the standard the cable was 
constructed to, and it can be assumed that the standard 
would include a flame retardancy test with defined 
geometry should this information be required. However 
obtaining this information does not materially assist the 
solution of the problem. The clear message from the 
research is that if the geometry is altered, the flame 
retardancy performance can no longer be guaranteed. | 
would suggest that somewhere on the installation a cable 
run will differ from the geometry tested. Accordingly it is 
considered that fire stops should be included where 
necessary to stop propagation through a cable run, should it 
occur. 

Part 6, Chapter 2.1, Section 7.14.7 of the Ship Rules is 
also applicable to high voltage cables irrespective of the 
type of outer sheath applied. The type of sheath used 
should comply with Part 6, Chapter 2.1, Section 7.5 of the 
Rules. 

I consider that the use of high voltages for high power 
installations provides an advantage with regard to the cable 
fire performance aspects, because, firstly the amount of 
combustible material is reduced due to the reduction in the 
amount of cabling and secondly, metallic layers are usually 
employed in the cables construction which research shows 
improves the flame retardancy performance. 

My thanks are extended to Mr Dijke for his time and 
effort in contributing to the discussion. 


To Dr D. S. Aldwinckle 


The subject of a cable’s fire propagation performance 
varying with its age is relevant to the discussion, and it is 
valid to question the assumption that the performance will 
not alter with age. To my knowledge little work has been 
done in this area, and insufficient time has passed since IEC 
issued their publication 332-3 for valid data to be gained. 
All polymer materials used in modern day electric cable 
construction suffer degradation of their physical properties 
with age. Cable type tests require the insulation and 
sheathing materials to undergo simulated ageing tests to 
ensure tensile strength and elongation properties do not 
degrade beyond set limits. No similar requirements exist for 
testing the fire propagation performance of aged cables. 
LR’s cable tests were conducted using recently 
manufactured cables that had not undergone any synthetic 
ageing treatment prior to testing. Callis and Hirschler in 
their book (reference No. 17 in the paper), report that tests 
on aged polymer materials indicate that the halogen 
elements, included to inhibit combustion, combine with the 
base material as part of the ageing process reducing the 
halogen available for combustion inhibition, thereby 
resulting in degraded fire performance. 

The only way of determining the extent of the change 
in performance with age is to conduct flame retardancy 
tests on aged specimens the history of which is relevant to 
the installation concerned, as the treatment the cables 
received since first installed could also effect the fire 
performance. 

I thank Dr Aldwinckle for his thought provoking and 
interesting question. 


